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. SELF-MONITORiNG PROCEDURES: 
BASIC PARAMETERS FOR MUNICIPAL EFFLUENTS 



• 



This course is designed for the treatryent plant - 
operator or technician who is required to monitor 
•effluent discharges under a National Pollutant 
Discharge Elimination System (NPDES) Permit, and 
who has had littlaor no* previous experience in 
wastewater analysp or flow measurement. 

Parameters included in this course are BOD5, pH, . 
Fecal Coliform, Residual Chlorine, Suspended Solids, 
and Open Channel Flow. At the conclusion of this 
training, the studeAt will be familiar with the 
standard test procedure for each parameter, will 
have performed' each 'analysis, arvd will be able to 
i^se a parshall flume^r weir to measure effluent 
flow, ' He will also know what equipment and sup- 
plies are needed'in connection with «ach procedure. 



' U. S. ENVIRODMENJAL PROTECTION. AGENCY J) 
Office of^Water Program Operations r 
National Training and Operational Technology Center 
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' DISCLAIMER 

Refjprence to commercial products, trade names, or 
manufacturers is for purposes of example and tllus- 
tratit^n. Such references do not- consti tute endorse- 
ment by the Office of Water Program Operations, U. S. 
Environmental Protection Agency/ 
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EFFLUENT MONjlTORING PROCEDURE: Determination of Five-day Biochemical 

Oxygen Demn^ (BODc) 

This operati(|)nal procedure was developed by: 

NAME . Icharles R. Feldmarwi , , 

ADDRESS :EpA, OWPO, NTOTC, CinciTTi|ati , Ohio 4526g 
POSITION .Chemist-Insti^ctor 

EDUCATION AND TECHNICAL BACKGROUND ^ ^ 

B.S. - Chemistry 

H-S. - Chemistry ^ 
1-1/2 years Industrial Chemist 
4 years additional Graduate S:hool 
4 years college Chemistry Instructor 
1-^1/2 years DHEW - Air Pollution Program, Chemist 
10 years DI - EPA, Chemist-Instructor 
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EFFLUENT MONITORING PROCEDURE: Determination of Five-day Bioch^ical 



Oxygen Demand (BODg) 



1 . Anal/sis Objectives: 



The learner will determine the five-day biochemical/oxygen demand b'f a 
sewage sample. ' ^ , 

2. Brief Description of Analysis: 

The sam^rle is tttluted with ar hrgh cfuahty dTsti} led water containing nutrient 
salts and a buffer. Two biochemical oxygen demand (BOD) bottles are filled 
with the diluted sample. The dissolved oxygen (DO) content of the first 
bottle IS determined, and expressed as mg of DO/1 iter. The second bottle 
is scored in the dark at 20 C for five days. During the five-day period, 
microorganisms in the sample break down complex organic matter in the sample, 
using up oxygen in* the process." At the end of the five-day period, the DO 
content of the second BOD bottle i s, determi ned , ancj again expressed as mq 
of DO/1 iter. The depletion in oxygen content, divided by the percent of 
sample used (expressed as' a decimal- fraction) As the five-day biochemical 
oxygen^ demand expressed as rfilMigrams of BOD per liter of sample. BODr is 
the symbol for the five-day biochemical oxygen demand. ' ^ ■ 

\« 

3. Applicability of this Procedure; \ ^ 

*rhis effluent monitoring procedure describes the determination of five-day 
biochemical oxygen demand. It is not applicable when: ' 

a. The sample contains caustic alkalinity or acidity. * 



b. The sample contains residual chlorine compounds. (In this case, consult 
ther Effluent Monitoring Procedure on the Dechlorination of ^mples for 
Biochemical Oxygen Demand anc} Seeding of the Diljjtion Water. I^t covers 
only -the dechlorination and seeding aspects of the biochemical b'xygen 
demand determination,, and then refers the reader back to thi s Effluent 
Monitoring Procedure.) 

c. The sample contains other toxic substances such as those contained m 
plating wastes. ^ 

d. The sample is supersaturated with 0)/ygen. 



This procedure was excerpted from Standard Methods for the Examinati<>n of Water 
and Wastewater, 14th ed., pp. 543-550, 1975. 
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EFFLUENT MONITORING PROCEDURE: Determination of 'five-day Biochemical * 

Oxygen Demand (BOfajg) 

Equipment and Supply Requirements ; * - • 

A. Capital Equipment: • . ^ * 

1. Trip balance, 100 g. capacity^^ 

2. Still, or other source of distilled water 

3. Incubator capable of maintaining a temperature of 20°C + 1°C, 
and large egough to hold four 300 ml BOD bottles and a 3 liter 
jug or bottle . ♦ , • . - . 

B. Reusable SupF51ies: 

J. Brushes (for cleaning glassware)- 

2. Brush (for cleaning balance) 

3. Laboratory apron * 

4. Safety glasses 

5. One spatula (medium si'Ze) 

6. One distilled water plastic squeeze bottle 

7. One pen or pencil , 
^ 8. One notebook (for recording data) 

0. Seven plastic weighrng boats (2-3 inches square) 
■ 10. Sponges (for cleaning of laboratory talhe tops)l* ^ 

11. One 3 liter jug or bottle with narrow neck 

12. 'One powder funnel, about 3 inch diameter 

13. One 1 liter volumetric flask 
, 14. Four 1 liter glass-stoppered bottles 

15. One 1 liter graduated cylinder 

16. One 2 liter graduated cylinder 

17. One siphon (long enough for use with the 2 liter graduated cylinder) ^ 

18. Four 1 ml volumetr'ic pipets. 

19. One TO ml volumetric pi pet - \ 

20. One 20 ml volumetric pi pet . , ^ - 

21. One plunger type mixer (for use with the 1 liter graduated cylinder) 

22. Four 300 ml (+ 3 ml ) BOD bottles tsee pages 16 and 17) 

23. Equipment for.doing a Winkler DO determination-azide modification, 
^see EMP on Winkler Determination of Dissolved Oxygen-Azide Modification. 

24. One dissolved oxygen meter. See the EMP on Determination ol Dissolved 
Oxygen Using a Dissolved Oxygen Meter (a Weston & Stack, Model 300) or 
the EMP on Determination of Dissolved Oxygen in Wastewater: Polarographic 
Probe Method (a Yellow Springs, Model 54). 

^•25. One 2 liter beaker (for preparing cleaning solution)^ 
26. One T2 inch stirring rod (for prep*aring cleaning solution) 

C. Consumable Supplies: 

1. Small wad of cotton (to plug the 3 liteh jug or bottle) 

2. 8.5 g. of potassium dihydrogen phosphate, KH2P0^ 

3. 21.75 g of dipotassium hydrogen phosphate, K2HP0^- 

It 

4. 33.4 g of disodium hydrogen phosphate heptahydrate, Na^HPO.* 7H^0 

5. 1.7 g of ammonium chloride, NH^Cl ^ 4 c 

6. 22.5 g. n)f magnesium suTfate heptahydrate, MgSO^- 7H2O 

7. 27.5 g. of anhydrous calcium chloride, CaCl - 1 

2 ' 

^ Page No. 1-5 
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EFFLUENT MONITORWie PROCEDURE: Determination o^Five-day Biochemical 

Oxygen Demand (BODg) * . 

C. Consumable Supplies (Continued) - ' ^ 

81 0.25 g. of ferric chloride hexahydrate, FeCl^-SH^O 

9. Reagents for doing a Winkler DO tietermination-azide modification, see 
EMP on' Winkler Determination of Dissolved Oxygen-Azide Modification 

10. Reagents for use with a dissolv.ed oxygen meter. See EMP on Determination 

* of, Dissolved Oxygen Using a Dissolved Oxygen Meter (b Weston & Stack, Model 
300) pr the EMP on Determi nati^on of Dissolved Oxygen in W^^tewater: Polarb- 
gFaphic Probe Method (a Yel loVSprings , Model 54). 

11. Concentrated sulfuric acid, H^bO. 

12. Sodium' Dictiromate, Na^Cr^O, ^ 

13. Soap ^ ^ ^ 

(Items 11, 12, and 13 are for cleaning glassware. The quantities 
needed will therefore vary.) ^ 

; V 

All reagents should be of high quality. Different chemical manufacturers 
may have different ways of indicating a high quality reagent. While no, 
endorsement of^orr^ chemical manufacturer over another is intended, the , 
following are some designations used in four chemical catalogs ta indicate ' 
high quality reagents. ^ 

• . - ^. 

^ Catalog ' Designation^ 

> 

Thomas Reagent, AC^, Chemically 

, ^ ' , Pure (CP) 

« 

Matheson, Coleman & Bell ReagerK:, ACS 

Curtin Matheson Primary Standard, ACS, AR 

.Scientific, Inc. 

Fisher ^ Certified, ACS 



/ 
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EFFLUErU MONITORING PROCEDURE : Determination of Five-Day Biochemfcal Oxygen De)»iand(B0Df5) 

. • • • . f - 



, ORERATiriG PROfEDURES 



A. Equipment Preparation 
•1 . Cleaning of 
glassware 

2. Balance inspection 



B. Reagent Preparation 
1. Distilled water 



2. Phosphate buffer 
solution 
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•STEP SEQUENCE 



Clean all glassware and 
rinse with distijled water. 

Check all balances for 
cleanliness and proper, 
operation. 



Distill 3 liters of water 
i nto a'smal 1 neck jug 
(or large bottle). 



2. Plug the jug with a loose 
* fitting piece of^cotton. 

3. Store the jug at 20^C + ^rc, 
for 48' hours prior to use, 

4. or aerate the water just 
prior to use. 



Weigh 8.5' g. of potassium 
dihydrogen phosphate, 
KH2PO4. ' , 

Weigh 21.75 g. of dipotassium 
hyj;lrogen phosphate, K2HPO4. 

Weigh 33.4 g. of disodium 
hydrogen phosphate* hepta- 
hydrate; Na2HP04-7H20 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. Consult'the manufacturer:.' s manual supplied with 
the balance for assistance in •correcting any mal- 
functions. - ^ 



( 

la. When preparrnq solutions, unless otherwise spe- 
cified, thie term w^r means distilled water. 

lb. Unless otherwise specified, solutions should be 
stored in glass stoppered bottles. 

2a. Air should be able to pass freely into the jug. 

3a. This length' of time has been determined simply on 
, the basis of experience. ^ 

4a.. Do this by shaking the wat^r in a half-filled jug, 
4b. or by using a .clean supply of compressed air. 
(Be cautious, about air jets and motors which 
may simply contaminate the waiter with 0II). 

Idj Use plastic weighing boats for weighing the solids 
lb. Use-yi trip bal^ance^fdr Weighing the solids. ^ 

/ • ' - . " ' ' 



GUIDE NOTES 



V.A.1.1 

(.p. 15) 

/ 



12 

Page No. 1-7 , 



EFFLUENT MQfUTQRlNG pWcEDUPF " Determination of five-Day Biochemical Oxygen Demand (800^ 
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' I 

STEP SEQUENCE 



OPERATING PROCEDURES 

7^ 



!riFORMATION/t)PFPc;^ING GOALS/SP.ECIFICATIONS 



• TRAINING . 
GUIDE NOTES 



B./ Reagent Preparation 



(continued) ,^ 



3. Magnesium Sulfate 
Solution 



4. Calcium Chloride 
Solution 



5.* Ferric C|ilor1de 
Solution • 



6. DITutlon Water 



13 ' 




4. Weigh 7 g. of'^'ammonium 
chloride, NH^CT. 

5. Dissolve the four chemicals 
together in about 500 ml. 
of water. 

•V' 

6., Dflute to 1 Titer. 

1 Dissolve 22.5 ,g. of rpag- » 
neslum sulfate heptahydrate- 
MgSO.'7HpO, <in water and" 
dilute to 1 liter. 

1. Dissolve 27.5 of anhy- 
drous calcium c'tilorlde, 
CaClp, In water and dilute 
to l llter.^ 

1. DissolAt^ 0.25/g. of feVrlc^ 
chloride,^FeCl3, |n water 
and dilute to h^iter. 

1. Siphon 20°C water to the 
2000 ml J>he- In a 2 liter 
graduated cylind^. 



la. iKyou prime the siphon, "waste" about 50 ml of 

llq'uld before ftlTIng tKe^yl 1 nder. - 
lb. Do not cause splasfiing which m\ght create air 

bubbles. Allow the water to rqn down the sides 

oi the cyl Inder. 
Ic. Volumes of dilution water larger than 200Q ml may 

be prepared If needed. ' . 

Id* If larger amounts of dilution water are needed. 

Use one ml of each of the four solutions (B.2., 

8.3. , B.4., and B.5.) for each lltetibf distilled 
' 'water. ' 



V.B.6.2. 
(p. 18) 
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EFFLUENT MUNITQRING PRUCEDURF : Deterni-i nation of Five-Dav Biochemical Oxygen .t.nand (BOC'J 



OPERATING PRCCEDURES 



:TEP SEQUENCE 



!NF0RMAT;^0N/CPF;;ATING Gu^LS/SPEC'IFrCATIONS 



TRAiniNG 
GUIDE NOI.es 



B. Reagent Preparation 
(continued) 

y 



Add 2.0 ml eac/i'.of the 
buffer, magnesium sulfa^te, 
calcium chloride, and 
ferric chloride solutions. 



2a. Use a 2 m.l volumetric pipetjfor each solution, 
2b. Mix gently wit)i a pi unger-t>Kpe mi xer^ after, each 

solution IS added. 
2c. The mixture of the four solutions and distilled 

water is called dilution water. 



—ir 
*/ 

lb. 

Ic. 
Iri. 

le. 
■ia. 



C. Procedure 
1. Blanks 



2- Sample Dilution 




Fill two 600 bottles with 
dilution water by siphon- 
ing. • . 



2. Stopper the bottles, 



ThOroi^ghlj^ mix the' contents 
of the sample' container, 
measure the sample, and 
add it to ^ 1 li ter grad- 
uated cylinder. ^ 



Rinse %he siphon if it's the same one used above. 
Hold th^ siphon. about 1/2 inch from the bottom of 
the bottle before opening the siphon. 
Open the sipho^o ^lewly. 

As the liquid level rises in the bottles, keep the 
end of the siphon about 1/2 inch a(},ov€ the liquid. 
Allow a few ml of liquid to overflow the top of i 
the BOD bottles. 



Do not'cause formation of an air bubble by insert- 
iiig the stopper tOiD vigor*ously. 
2b.\These two bottles aV§ called blanks. 
2c. The DO in one bottle, from each pair (two bottles 
will be fi^Oed for each sample* dilution) and in 
one blank' bottle must be determined within 15 min. 
of filling, so proceed -^immediately to C.2., C.3., 
and C.4. below. % 

la^ Use the appropriat^size graduated cylinder to 

measure the sampje volume, 
lb. Pour the sample down the sides of the graduated • 

cylinder. 

Ic. During the. five-day incubation period, there must 
/ be a depletion of at le^st 2 mg of DO/1, and at 
least 1 mg of DO/1 must r^ma'in, - 
Id. In order to mee.t these two requi reRlents , it may be 
necessary to set up two or three dilutions of each 
sample. Use a separate 1 liter graduated cylinder . 
. for each dilution. . ^ 

» . , Page No*- 



\ 
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EFFLUENT Mur;lTORIii£ PROCEDURF:' Detenmnation of Five-Day Biochemical Oxygen Demand (BODc;) Page No, 1-10 


OPERATING PRCCEDURE5 


' STEP SEQUENCE 


INFCRMATION/CPERA'^ING GGAIs/SPECIFICATION'S 


TfviiriiNG 

GUIDE NOTES 


C. Procedure (Continued) 

10- 

* 

3. BOO bottle filling 

17 < 

ERIC • J 


r " 

2. Siphon in dilution water 
to. the- 1000 ml 1 ine. ' 

3. Mix gently with t plunger- 
type mixer. 

1. For each sampVe dilutioA 
r set up, fill 2 BOO bottHs, 

by siphoni ng, ijrom the 
liter cyl inder. 


le. Following, are some suggested sample volumes, al- 
though the actual amount of sample lo use for each 
kii^d of waste may have to be determined on the 
basi s of experience, ' / 

For effluents of primary trea^rient p*lants ^treating 
domestic wastevJater: 

10,0 ml [n of the liter volume) 
^ 20,0 ml (2% of the liter vojume) 

40.0 ml (4^. of thy liter volume) ' 

For effluents of secondary^' treatment plants treat- 
ing domesti c' wastewaters : / 

40.0 m1 (4% of the liter volume) 
60 ml (6% of the- liter volume) 
; 80 ml (8^'of the 1 1 ter .vol ume) 

For effluents froui secondary treatment plants: 

200 ml (20X of the I'iter volume) 
300 ml (30% of the liter volume) 
400 ml (40% of the liter volume) 

If. After experience is gained, it will be necessary 
to use only one dilution for each kind of waste, 

Ig. Measure the sample volumes l/lth an appropriate 
size graduated cyl 1 nder; e.g.\ It) mT size for 
10 ml of saniple, etc. 

2a. Rinse the siphon if it's*the same on^ used above. 
2b. Use the same technique as In B.6.1'.ld.. and lb. 
above, . - * , 

iJse the same techniQue as in, C. 1.1a, through le. 
above. 

— — — / _ 


* 

,- IS 



" 7 • r 
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Procedure f wOn-t" ^'.;ca 



4. DO Dete-"'^" nan zp 



J. CaUulations 
1- Sample 

, ly 



(''\* ^>'J tne^ flared t(5p of cne 
of the'o'rank bottles, and ^ 
.one of tne tw^ 't»Dtt-les 
"^^^11 ed Vqt' each sainDle 
^i^nution, wiin v^.t-er^ 

Store *tnen^ at 'JO^C tne 
dark tor cays . 

'3. uetern.me the of .t^'-e'' i 
2nd; blank bottle a'nd t^e ' 
other-^saiTiD'e bottle*. 

M. Record the fes^jita. 

5. Af'ter 5 days, deteV^-.ine 
^the oxygen content of. t^e^ 

. stored" sarj. le cind blank 
BOD bottKl^s. - 

6. Record th/^ results 



oQ c J r s a L s c 
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• for e"".ch .""Oir o^' sanoie 
mottles , ^jit^-act the Op 
' I ,j ,mq/l ; 'af tf^^r fvv':^ d^.' 

^rOfH. the .^ri.t^^: i'^' ^ 
<nn/ 1 ) . * 



2c. ChecK the Harpd tops laiiy and refill w~th water, 
. 1 n^^ssarv; 

3av. use the /^^'inKler a^tjiCKi-azide ^^odl-^i ca t*^ on , or a 



3: . 



di ssolved oxygen rrie^r. j 
The^e ,jO vaTues are calfed Tmti 



al^ DCs values. 



3c. ■^e(T£n::er the IS.fnIn. r^enti^ned above. 
4'^.. Tdge 1-13'' V5 c^i example data s-heet. 
^a # 'ise^ the^ Gane niet'lod as betore. 



'•bd . Fane is arf ^^^^rriC'e <tata ^^heet, 



\ 



a ! ^L^xc'/^o ' calculate OF - , - 

rf,:/'-- DG.a'te- 5 'lays 
^ ^-~-rr\^^ r.Q ^eol^t ion* a^jripg the 5 days, ^^'f^* 



r 
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OPEt^ATrNG PROCEDURES 



STEP SEQUEftCE 



INFCRMATI0N/CPE-4^ING GCALS/SPtCiriCA^IQNS 



TRAINING • 
GUIDE NOTES 



D, Calculations 
(Continued) 



2. Blank 



21 



2. Divide the depletioiVby 
the ''lo of sample y^d (ex- 
pressed as a decimal) to 
get the BOD^ in mg/K 



3. For the bl^ank BOD bottles 
'substract the ml of scrdium 
thiosulfate 'titrant u^ed 
for the stored boftle from 
the ij^l used for the initial 
bottler 




2d. Example calculation continued: 

The sample*"'was ml of a primary treatTient 
. pilant effluent, * 

'The 40 ml were diluted to 1000 ml with 
di lution water. 



40 



1000 
4- 



x 100 



4% dilution 



0.04 as a decimal 

, mg^B^D./l = 5.0 ' ' \ 

?^ 0.04 . 

' - ' ^ 125 ^ 

3a.^T^e difference is used to cakulate a "BODr" 
for the blank, ' " * ^ 

3b. Example calculation: 

7.5 mg/0 = initial DO 

7^3 mg/1 = DO after 5 days 

0.2 mg/1 = DO depletion during the 5 days 

3c. The blank may be considered as a 100% '(1 .0 as a 

detimal) sample. 
3d. mg BODJl ^or the blank = 0,2 mq/1 = 0,2 
. 1,0 • 

3e. If it IS greater than .0.2 mg/1, the 2b°C water" 
i s of low qua! ity, . ^ • 

3f. Possible causes are organic contamnnation in Tthe 
water (check the aeration procedure) or dirty 
glassware (e-specially the BOD bottles and water 
storage jug)^ wT)i ch" has contaminated' the water. 

3g.. This differerK:e is not used ^as a blank correct-* 
ion, but merely as a check on the quality of the 
200t:.w^ter. 
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Example Data Sheet 
Five-Day Biochemical Oxygen Demand* (BOD5) 



1. Sample number or other 
identification 



^tr m^ vf sample u 



3. % cfilution (divide line 2 by 10; 
assumes dilution to 1,000 ml) 

4. Decimal eouivalent of % 
dilution (move the decimal 
po-lnt in line 3 two places 
teft) 

^ Initial sample DO in mg/1 

6. m> of titratfit ta titrate 
initial ^lank 

7. Date of Jnitial DO determination 

8. Time df initial DO determination 

^ 9. Sample DO aftfer 5 days in ">g/l^^ 

10. ml of titrant to titrate 
5th day blank 

11. Date of 5th day DO determination 

12. Time of 5th day DO determination 
♦ 13. Liiie 6 minus line 10* 

14. Line 5 minus line 9 

15. BODr in mg/1 (line 14 divided 
by Tine 4) 



(ADDITI0f((i\L tOLUMNS 
MAY BE ADDED FOR OTi^ER 
SAMPLE, DILUTIONS) 



♦The, number here imjst not be V^^ter than 0.2. 

% 
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TRAINING .GUIDE 
SECTION * TOPIC 



A " Introductioni 

^ Educational Concepts - Mathematics 
^^'^ * Educational Concepts - Science 

Educational Concepts - Communications 
^* ' Field & Laboratory Equipment 

* VI ' Field % Laboratory Reagents 

Field & Laboratorj/ Analysis 
VHI ' Safety 

I^ . Records & Reports 



^Training guide nfatefials are presented here under the headings marked * 
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• ^EFFLUENf MONITORING PROCEDURE: Determination of/iye-Day Biochemical ^ 

^ ^ '^Oxygen Demand (BODc) 

• 


FIELD AND LABORATORY EQUIPMENT 


Section v 




TRAINING GUIDE NOTE 


REFERENCES/RESOURCES • 


A. 1.1 


If'the glassware is especially diVty and wnnot be 
cleaned with^ordinary detergents, chromic acid 
cleaning rnay be required. 






1. Pour 35 ml of distilled water in a 250 ml beakfer. 

2. Add about 1/8 teaspoon (simply estimate this , 
^ Quarttitv) of sodium dichromatp . Na Cr 0 to thp 

water. ^ ^ ' 


14th Standard Methods 
p. 336, section 2.C.2) 


m 


3. Swirl the beaker until the sodium dichromatp 
has dissolved. 






4. Keep repeating steps 2 and 3 until no more 

sodium dichromate will dissolve. * * 






5. Pour the solution into a 2 liter beaker 






6. Slowly, pour 1 liter of concentrated sulfuric 
acidt H^SO-w into the 2 liter beaker 




• 


Caution: Use eyeglasses and protective clothing. 




• 


7. Stir the mixture thoroughly. 






8. Store it in a olass-stoDoered bottle 






9 The cleanina solution should be at a temoer^iturp 
of about 50 C'when it is used. ^ 






10 It mav therefore be rvecessarv to warm the clpan- 
ing solution. 






11. When using the warm cleaning solution, fill the 
piece of glassware with the solution. 






12. Allow it to soak for 2*-3 minutes (or longer). 


* 

V 




13. Pour the cleaning solution back into the sti^age 
bottle. 


i 


]•'■■■ 


14.^Rin^e the piece pf glassware ten times with tap 
'Water. ' . * 

J5. The cleaning solution may be reused until it , 
turrfs green. 

16, It should then be discarded. 


> 


r 

1 
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EFFLUENT MONITORING PROCEDURE : Determination of Five-Day Biochemical 

Oxygen Demand (BODg) 



FIELD AND LABORATORY EQUIPMENT- 



TRAINING GUIDE NOTE 



14th Standard Methods does hot specify a volume 
tolerance for the ^OD bottles. A tolerance of 
+ 3 ml is s'uggested by: Methods for Oiemical 
Analysis of Water & Wastes 1974,. U.S. Environmental, 
Protection Agency. ^ One method of checjcing the 
bottle vo\ume is as follows: 

1. Clean the foTlowing items as described in section 
A.l, page 7. ' . , 



Section V 
-t^^ 



J^EFERENCES/RESOURCES 



a. One ^50 ml gradua^ted cylinder. 

b. Offe JOO.O ml volunetric pipet. 

c. One ItT.O ml graduated pipet. 

d. One 500 ml Erlenmeyer flask. 

2. Allow the glasrsware to drain dry. 



. Turn on the hot and cold water taps at the 
laboratory sink. 

4. Adjust tll^ hot and cold wat?r so the temperature 
of the water is 20°C. Check it with a 
thermometer. 

5. Fill the 500 ml Erlenmeyer flask with the 20°C 
water. 

6. Using the 100 ml volumetric pipet, place 300 

of the 20°C water in the 250 ml graduated VJ 
cylinder. (The meniscus will of course be 
above the 0 graduation line.) 

7. Using the 10.0 ml graduated pipet, add 3..0ml 
of the 20°C water t^.the same cylinder. 

I 

8. Allow the pipet to drain ieto the sihk and shake 
it so as to remove water from the tip. 



9. Place a mark at the bottom of the meniscus, 
is the 303.0 ml graduatiort mark. 



This 



0. Using the* same 10.0 ml graduated pipet, remove 
IC.O ml. of the 20°C water from the 250 ml 
gr^di^ated cylinder. 

1. Into the sinki drain 6.0* mV of water from the 
pipet. 

^ • 

2. Very gently blow the rest of the water Jn the 
^ pipettback Into the 250 ml graduated cylinder. 



Page No. 1-16 

EMC 



26 



.E FFLUENT MONITORING PROtEDURE : Determination of Five-Day Bioch'emicaV 

* . . Oxygen Demand (BODg) 

FIELD AND LABORATORY EQUIPMENT ' ' . 



Section 



TRAInJi^G GttlDE NOTE 



13. Place a mark at the bottom of , the meniscus.. This 
is the 297.0 ml graduation*^ mark. 

14. Empty the,graduate6 cylinder and-a^Ilow l^to" 
^ drain dry. 

15. Fill 'the BOD bottle, whose volume is to be. 
^ checked, to overflowing with 20°C water. 



16. Carefully insert .the^ stopper. There must be no 
air bubbles in the bottle, a ^ 

17. Hold one finger over the stopper and invert the 
bottle so as to drain all water from the flared 
top. ^ 

18. Hold the bottle upright and carefully remove . 
the stopper. 

19. Carefully pour the entire contents of the bottle 
into the 250 ml graduated cylinder. ■ 

20. If the meniscus is betwee'ff the 297.0 and 303.0 ml 
graduation ^Tnark^, the BOD bottle' may be used. If 
thQ meniscus is n*ot, the bottle shgui^ not be 
used for^he BOD^ test. 
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EFFLUENT JjONlTORING PROCEDURE : Determination of Five-Day Biochemical 

Oxygen Demand (BOD5) . * 




FIELD AND 



LABORATOI^EQUIPMENT 



Section V 



TRAINING GUIDE NOJE 



REFERENCES/RESOURCES 



B,6.2. 



C.1.1. 



If just enough dilution water is -prepared for^use 
at one time, then the procedure in -8.6. would'be, 
followed. If you desire 'to keep a supply of di- 
lution ^vater, add 1 ml of the magnesium, calci 
and ferric solutions for each T. lu*^^ 0^ distiiied 
water. But do not add the bulfer unt^l you are 
ready to use the dilution water^ The water should 
be stored'in the dark at 20 C ^ 1°C. 

Standard Methods, 14th ed., cites two other ways 
of diluting the sample. , 

J. Directly in the 300 ml BOD bottle 

Example calculation: A 4% dilution of the 
sample is to be made. 

4 

300 ml = volgme of BOD botMe 

.04 = % dilution Expressed as a decimal 



12.00 = ml of sample to be diluted in the 
BOD bottle 

Measure the 12 ml of sample, add it directly 
to the BOD bottle, and fill the bottle to 
overflowing with dilution water.. . 

If the dilution will be less than 1%, it shoulc 
be done in a volumetric flask. * 
f 

Example calculation: A 0.5^ dilution of^he 

sample is- to be made. Since two BOD bottles 

must be filled, .make the dilution in a .1 liter 
volumetric flask. . . . 

Hi 

1000 ml = volume of flask 
.005 = %dilution expressed as a decimal 



5.000 ml = ml o%sample to be diluted in the 
^lask ^ 

Measur^e ttie 5 ml of sample, add it directly 
to the flask, and fill to thg mark with di- 
lution., water. Fill the two BOD bottles' to 
overflowing by siphoning from th^ flask. 





FFLCIENT MONITORING PROCEDURE : Determination of Five-Day Biochemical 

Oxygen -Demand (BODc) 



FIELD,AND LABORATORY EQUIPMENT | - ■ ' Section V 





TRAINING GUIDE NOTE 


REFERENCES/RESOURCES . 


C.4.2. . " 

* 

1 • 


, There are other ways of keeping the water seal on 
the BOD bottle; e.g., the bottles may be turned 
upsiQe GOwn in a duu pan vrecuanguiar pan witn 
square compartments) half full of tap water or 
plastic caps (made for BOD bottles) may be put 
over the bottle tops. 

• 


<' 






» A PROTOTYPE FOR DEVELOPMENT OF 

ROUTINE OPERATIONAL PROCEDURES - 

ft 

for the 

WINKLER DETERMINATION OF DISSOLVED OXYGEN-AZIDE MODIFICATION 




as applied in 



WASTEWATER TREATMENT FACILITIES 
and In the 
MONITORING OF EFFLUENT WASTEWATERS 



Developed by the 



National Training and Operational Technology Center 
' Municipal Operations and Training Division 
Office of Water Program -Operations 
U.S. Environmental Protection AgerK:y 



CH.O^MP.lc.8.76 ^ ^iO ^ ^ ^ Page NO. 2-1 



EFFLUENT MOWTORIilG PROCEDURE: Winkler Determination of Dissolved Oxygen- 
• ■ Azide Modification 



/ 



This process was developed by: 
NAME Charles R. Feldmann 

ADDRESS EPA* OUPO. NTOTC. Cincinnati. Ohio 452&8 
POSITION Chemist-Instructor 

EDUCATION *AND TECHNICAL BACKGROUND / 
B.S. - Chemistry * 

.M.S. - ClVemistry^ ^ ^ 

1-1/2 years^Industrial Chemist 
4 years additional Graduate School 

4 

4 years college Chemistry Instructor 

# 

1-1/2 years DHEW - Air Pollution Program, Chemist 
'lO years DI -^BPA, Chemist-Instructor 
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■• ■ • ' 'c.. ■•. 

EFfLUEf^l^MOraTORIHG PROCEDURE- jpTrf^ler Determination of ''Dissolved Oxygen- 

^zfde Modification 

; 'J " .. 

1. Ana)ysis Objectives: . • ^ 

ThB operator will be able to perform a Winkler dissolve'd oxygen 
determination^ u^ing the azide modif icati-on , on a sewage sample. ' 

2. Brief Descriptfpn of Analysis: > ' 

A solution of manganous sulfate is added to the sample. A solutibn 
containing socfium hydroxide, sodium iodid£ and ^dium az'ide is next 

• added.^ If oxygen j's present in the^santpTe, a brown flocculent pre- 
^ cipitate forms. If no oxygen is present, a white precipitate forms. 
Sulfuric'acid is then 'added to the sample, and th^ precipitate dis^ 
solves. The solution is titrated with sodium thiosulfate using 
starch indicator. ''At the end point of the titration, the color of 
the solution changes frofTi pale* blue to colorless. The m'illiliters of 

. » sodiuiff thiosulfate usedr, is^equal to the milligrams of dissolved 
^' oxygen per liter of sanlpleT 

3. Applicability of "this Proced 



This effluent monitorj'ng procedure describes the determination of 
dissolved oxygen. The analysis 1s performed as part of ^he five-day 
biochemical oxygen demand test. Interferences/sample pretreatment 
are therefore mentioned in,the Effluent flonitorinq Procedure, 
Determination of Five-Day Biochemical Oxygen Demand (BOD^). 



TM's pf^ocedure was excerpted from Methods for Chemical Analysis of 
Water and Wastes 1974, Methods Development and Quality Assurance 
Research Laboratory, National Environmental Research Center, 
^ Cincinnati, Ohio 45268, 



ERIC 
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EFFLUENT MONITORING PROCEDURE; Winkler Determination of Dissolved Oxygen- 
^. Azide Modification ^ . 

General Description of Equipment Used in the Process * 

A. Capital Equipment 

\ . - \ * 

T. Analytical balance, 2qp^g. capacity 

2. Trip balance, 500 g. capacity 

3. Oven, temperature controlable to + 2**C, large enough to hold a 
small evaporating dish * 

4. Refrigerator, large enough to hold three 1 liter bottles 

5. Still, or other source of distilled water 

B. Reusable ' . \ - 

4 

1. Hot plate, large enough to hold a 2 liter Erlenmeyer flask 

2. Kemmerer sampler - . ' 
2. APHA sampler 

' 4. Laboratory apron / 

5. Safety glasses" 

6. Brushes (fpr cleaning, glassware) / 

7. Brush (for cleaning balance) 

8. One 1 liter volumetric flask 

9. One 300 ml (j^ 3 ml) BOD bottle (see oage 18) 

10. One 1 liter graduated cylinder 

11. One 100 ml graduated cylinder " ^ 

12. One 50 ml graduated cylinder 

13. One 10 ml graduated cylinder 

14. Six 1 liter glass stoppered bottles 

15. One rubber stopper (to fit a 1 liter glass stoppered bottle) 

16. One 150 ml glass, stoppej^d bottle * 

17. One spatula (medium size) 

18. One spatula (small size) 

19. One 2 liter Erlenmeyer flask ^ 

20. On^ 500 'rfl wide mouth Erlenmeyer flask 

21 . One 100 ml^ipet . 

22. One 50 ml pi pet ^ 

23. One 20 ml pipet 

24. One pipet bulb . * 

25. Three 5 ml graduated pi pets 

26. One desiccator (large enough to hold a small evaporating d1sh) 

27. One evaporating dish (large enough to hold about 10 g. of solid) 

28. One 25 ml buret 

29. One ring stand 

* 30. One turet clamp 

31. One distilled water plastic squeeze bottle 

32. One p^en or pencil- 

33. One notebook (for recording data) 

34. Eight plastic weighing boats (2-3 inches square) 
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EFFLUENT MONITORING Pl^OCEDURE: Winkler, Determination of DissDlved Oxygen- 

Azide Modification 

^B. Reusable Supplies (Continued) * j 

35. Sponges (for cleaning of laboratory table tops) 

36. One stirring rod (about 6 inches 'long) 

37. One powder funnel, about 3 inch diameter 

C. Consumable Supplies: 

1. Potassium dichromate, K^Cr^O^ 

2. Concentrated sulfuric acid, H^SO^ ' 

3. Soap ' * 

(These three reagents are for cleaning glassware. The quantititel ' 
needed will therefore vary.) 

4. '480 g. manganous sulfate tetrahydrate , MnSQ^'4H20 ✓ 

400 9. manganous sulfate dihydrate, MnS0^-2H20. or 364 g. manganous 
sulfate monohydrate, MnSO^ H^O may also be used. 

5. 500 g.^ sodium hydroxide, NaOH 

6. 135 g. sodium iodide, Nal 

7. 10- g.' sodium azide, NaN- 

8. 10 g. soluble starch ^ ^ 

9. 15 ml chlorofonn, CHCI3 \ 

10. 186.15 g, sodium thiosulfate pentahydrate , Na«S^0^-5H^0 

11. 6 g; potassium^ biiodate, KH(IOj^ ^ ^ J ^ 

12. 3 g. potassium iodide, KI ^ 

13. 10 ml concentrated sulfuric acid, H^SO. 

14. Sodium dichromate, Na^Cr^O^ ^ ^ « 

The quantities given in 4 through 11 ^bove-will suffice for approximately' 
450 determinations of dissolved oxygen. Depending on usage, ^smaller 
quantities may be prepared. 

All reagents should be of high quality. Different chemical manufacturers 
may have'different ways of indicating a high quality reagent. WWle no 
endorsement of one chemical manufacturer over another is intended, the 
following are some designations used in four chemical catalogs to indicate 
hiji(i quality reagents. • > 

Catalog 'Designations 

Thomas Reagent, ACS, Chemically Pure (CP) 

Matheson, Coleman & Bell Reagent, ACS 

Curtin Matheson Primary Standard, ACS, AR ' 

Scientific, Ihc. 

Fisher^ Certified, /\CS ^ ' ^ 
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. • EFFLUEHT MGfllTORING PROCEDURE: Winkler Determinatinn nf DU.nlvpH rt.ygpn-a,,-Ho f/.^if iVatiVn 

> • 


OPERATING PROCEDURES 


f — 

STEP SEQUENCE 


njFCRMATION/OPERATING GGALS/SPEU FICATICNS 


g.:de' ',rES 


A. Equipment Preparation 

1 . Cleaning of 
glassware 

2. Balance preparation 


1 . Clean al 1 glassware and 
' rinse with distilled water. 

1 . Check al 1 balances for 
cleanliness and prgper . 
©perationT 


a ' * *. 

r 


. .V.A.l .1 
(p. 17) ■ _ 


Reagent Preparation 
* 1 . Manganous sulfate 
sa1utij»n 

# 

2. Alkaline iedide 
azide solution 

> -35 

erIc 


1. Prepare 1 liter o^ solution 
* containing 480 g. of 
manganous sulfate tetra- 
trydrate, MnS04-4H20 

1. Dit'solve 500 g. of sodium 
.hydroxide, NaOH, in 500 ml 
of water. 

2. Cool the solution to room 
temperature. 

3. Dissolve 135 g. of sodium 
iodide, Nal, In 200 ml of 
water. 

4. Dissolve 10 g. of sodium 
azide, NaN3; in 40 ml of 
water. 

5. Comt?ine the three solutions 

aiiu u 1 1 u uc uu \ \ \ uCi . 

• 


la. Unless otherwise specified, solutions should 

be stored in glass stoppered bottles, 
lb. Unless otherwise specified', the term v^ater means 

distilled water. , ' 

fa. Caution: heat is generated 

\ . ' 

K 

* N 

5a. This solution should be stored in\a glass bottle 
fitted with a rubber stoppG^r> jor in a clean 
plastic bottle. 

* Pas 


^ * 

3G 
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Ef FLUENT .MONITQRIflG PROCEDURE : Winkler Determination of Dissolved Oxygen-Azide Modification Page No." 2-^ 



OPERATING PROCEDURES 


J 1 

, STEP SEQUENCE 




or:iAT'IO\/o^era:ing goals/spec ifica^ics 




3. Starch solution 


1. 


Gently boil 1 1 iter of 


1 a . 


PrnrpPfi with fhp hpvf <;tpn<; whilp thp t Pr i 








water on a hot plate. 




heatina and boilino 






2. 


Weigh 10 g. of soluble 




r 








starch. 
















1 






3. 


Transfer it to a'mortar. 






















A 


Muu aDOUi J mi OT waier. 








J 


5. 


Grind with a pestle so as 


* 






V • *r 




^lo Torm a Lmn pasie. 




• 




\ 


6. 


Pour the paste into the 












boi 1 i ng water . 










■7. 


Allow 'the solution to stand 








P 




overnight. 










> 

O 

0 , 


uecdnL me starcn soiunon _ 


8a. 


Decanting means to pour slowly so that any solid 








into a bottle. 




ma te rial will hp Ipff bp hi nd 






Q 


Muu J mi , OT cnioroTOnn, 


9a. 


Store in a refrigerator. 








CHCI3. 








4. Sodium Ttiiosulfate 












stock solution 












0.75 N (approximate 


' 1. 


Boi^ 1 500 ml of water for 












3' minutes 








■ w 


2. 


(Tfeol the water to room 












temperature. 




• 






3. 


Weigh 186.15 g. of sodium 












thiosulfate pentahydrate, 




\* 
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Ra2S2>03«5H20. 




^ 1 


35 



EFFLUENT MONITORING PROCEDURE : Winkler Determination of Dissolved Oxygen-Azide Modification 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATIOII/OPERATI.'iG GOALS/SPECIFICATICr;S 



■rAi;;n.G 

GUIDE r:OTES 



4. Continued 



5. Sodium thiosulfate 
standard titrant, 
0.0375N 
(approximate) 



6. Potassium bilodate 
standard, 0.0375 N 



7. Sulfuric acid, 
lOX by volume 



ERIC 



4. Dissolve in 500 ml of the 
water. 

5. Dilute to 1 liter with more 
of the water. 

6. Add 5 ml of chloroform, 
CHClj. 

1 . Dilute £0.0 ml t)f the sodiurr 
thiosulfate stock solution 
to 1 1 iter. 

k * 

2. Add 5 ml. of chloroform. 
CHCI3. 

1 . Dry 6 g. of potassium 
biiodate. KH(I03)p at 

• 103°C for 2 ^hoursf 

2. Cool in, a desiccator. 

3. Prepare 1 liter of a solu-^ 
tion containing 4.837 g. of 
the potassium biipdate.. 

4. Dilute 250.0 ml of this 
solution to 1 ' liter. 

1. Pour 10 ml of concentrated 
Sulfuric add, H2SO4, into 
90 m] of water 

2. Cool the solution to room- 
temperature. 



6a. Store in a re fi^i gerator.^ 



la. Do not transfer any of the chloroform from the 
stock solution. 



2a. Store in a refrigerator. 



4a. The N of this solution is '0.0375. 



la. Caution: pour the acid slowly. Mix after each 
addition of 2 %1 of the acid. 



EFFLUENT MONITORING PROCEDURE : Winkler Determination^ t)f Dissolved Oxygen-Azide Modification ^^^^ Page >k^^ 



- OPERATING PROCEWiRES 



STE? SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



I Training 

GUIDE NOTES 



C» Standardization of 
Sodium Thiosulfate 
Standard Titraht 

K Potas$it«ii bifo'date 
standard; 0,0375 N. 



2. Titration 



41 
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1.. Weigh 1-3 g. of potassium 
iodide, KL. 



2. Dissolve in 1 
water. 



fl50 ml of 



3. Add 10 ml of 10% by volume 
si^lfuric acid. ^ 

.4. Add 20.0 ml of the 0.0311 N 
potass iunr biiodate. ' ^ 

5. Place the solution in the 
dark for 5 minutes. 

6. Add water so*as to bring ^he 

volume to 300 ml. 
* 

1. Add the approximately 
0.0375 W sodium thiosu-lfate 
titrant to the <;nlu tiQr] 

•from a buret until/fhe 
color chariges from red.-brown 
to pale yelvlow. 

2. ^Add 2 ml of 'starch solution. 

3. Conl^nue^t^ titration until 
the i:oJ^ cfiwges froiTi pale 
yiue to colorless^ , \ 

, ^ 

4. Record the^rrtl bf sodium' 
thiosulfate us€d. 



4a. Use a volumetric pipette. 



\ 



2a. A medium blue-pale bl^ color will form. 
3a. .Ignore any- return of blue colorr. 



4 
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EFFLUENT M0MIT0R1;NG PROCEDURE: Winkler Detenninat;on of Dissolved Ox^gn-Azide f^l^aificati 



ion 



•OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



3. Calculations . 



1. Divide the ml of sodium 
" thiosulfate used into 0.75. 



la. The result is the normality of the sodium 

thiosulfate t^itrant. It is desirable, but not 
necessary, that the normality be exactly 0.0375. 



II. C. 3.1 

^(p. 16.) 



D. Determination of 
Dissolved Oxygen 

1 • Sample collection 



2. Addition of 
reagents 



ERIC 



1 . If the -sample is to be 
, collects from a depth 

gyre^ter than 5 feet, use a 
' Kemrfierer'sampler. 

2. If the sample is to be - 
collected from a depth less 
than 5 feet use an APHA 
sampler containing a 3|^ml 
^OD bottle. . ^ 

3. If ^ Kemmerer ,is used, 
transfer the sample to a 
300 ml BOD bottle. Allow 
some of the'' sample to 
.overflow, 

i 

• 4. Carefully insert the 

stopper of the BOD bottle, 

5. ?cfr surface samples, the 
sample may -be collected 
-directly in a '300 ml BOD 
^ bottle. ♦ 




3a. Caution: during the sample transfer, do not 
' allow it to splash. 



4a,^0o not create any air bubbles in the bottle. 



5a. Fill, the bottle in such a way th^t ntf turbulence 
in created. 




ir Remove the stopper afJd 
pipette 2.0 ml of manganous 
sulfate solution into 
sample. 



la. Hav^ the tip of the pipette about 1/2 inch below 
the surface of the liquid. It is desirable, but 
l^ot necessary; that the nogjality be 0.0375. 



' Page 
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EFFLUENT MONITORING PROCEDURE: Winkler Determination of Dissolved Oxygen-Azide Modification 



''age Vo. 2-12 



OPERATING f^OCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATICNS 



'PiTM' 



G'^ICE 'iC'TES 



2. Continued 



/ 



4^ 



2. Pipette ml of alkaline 
. iodide azid^ solution into 

the sample, over the sink. 

3. Carefully insert the 
stopper of the BOD 
bdttle. 

4. Rinse off the outside of 
the BOD bottle,' 

5. Holding. the hand over the 
stopper, invert the BOD * 
bottle slowly 5 times. 

6. Allow the precipitate to 
settle.„ 

7. 'Repeat the shaking and 
^settling steps. 

8. Pipette 2.0 irl of concen- 
trated sulfuric acid into 
the sample. 

9. Carefully insert the 
stopper of the BOD bottle. 

10. Rinse off the outside of 
the BOD bottle. 

11. Holding the hand over the 
^ stopper, invert the BOD 

bottle slowly five^times. 



2a. Have the tip of the pipette about 1/2 inch below 

the surface of the liquid. 
2b. A precipita~te forms. 

3a. Do not create any air bubbles in the bottle. 



4a. The alkali-ne iodide azic* solution is damaging 
to the skin . 



6a. If it does not settle, 'wait 2 minutes and proceed'. 



8a. The pipette need not be below the surface of 
the liquid. 



9a.. Oo not create any air bubbles in boftle during 
this step. 



la. The precipitate will dissolve. ^ 
lb. The color of the solution is red-brown if oxygen 
o*s present, but colorless if no oxygen is present. 

If the so^,ution i-s yellow, a small amount of 

o^cygen is present. * f 
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EFFLUENT MONITORING PROCEDURE: Winkler Detennination of Dissolved O^tvaen-Azide Mndifir;^tinn 


0PERAT!fiG^ROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


3. Titration 

• 

4. Calculations 

ERIC 


1. Transfer the entire contents 
of the 300 ml BOD bottle to 

. a wide mouth 500 ml ^ 
Erlenmeyer flask. 

2. Add the sodium thiiisulfate 
titrant from a buret uritil 
the red-brown color chafes 
to a pale yel low. 

3. ' Add 2 ml of^starch solution. 

4. Continue the titration until 
the color changes from pale 
blue to colorless. 

5. Record the ml of sodium 

/ thiosulffte titrant used. 

1. Calculate the mg of DO per 
Titer of sample. 


23. If there/was rattle oxygen in the sample and the 
yellow oolor was therefore present even before 
addition\of any sodium thiosulfate, the starch 
should, be added immediately. . ^ 

3a. A medium blue-pale blue color will fonri. 

4a. Ignore any return of blue color, 
f 

la. mg DO/liter = ml of sodium thiosulfate 

titrant X N of sodium thiosulfate 
.titrant X 8 x lOOO/ml of sample 
lb. Since the sample was in a 300 ml BOD bottle, 

mg DC/liter = ml of sodium 

thiosulfate X N of sodium 

thiosulfate X 8 x 1000/300 
Ic. or, 

mg DO/liter = ml of sodium thiosulfate 
X N of sodium thiosulfate x 26.7 - ^ 

. _ ■ Pagak No. 2 
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, EFFLUENT MONITORING PROCEDURE: Winkler Determination of Dissolved Oxygen-Azide Modification 



OPERATING PROCEDURES 



STEP SEQUINCE 



INFOR'-lATIOIt/OPERATING GOALS/SPECIFICATIONS 

1 



TRAINING 
GUIDE N'OTES 



4. Continued 



49 



Id. If the N of the sodium thi&sulfate was exactly 
0.0375, then 

mg DO/litar = ml of sodium thiosulfate 
X 0.0375 X &-X 1000/300 - , 

le. or, y ' 

mg DO/liter"= ml of sodium thiosulfate x 1 
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SECTION JOPIC 

I ' Introduction 

II* ' Educational Concepts - Mathematics 

III Educational Concepts - Science 

IV Educational Concepts - Communications 

V* . ^ . *^Field % Laboratory Equipment 

VI FieTd & Laboratory Reagents 

VII Field & Laboratory Analysis 
VIII . Safety 

IX . Records & Reports 



^Training guide^ materials are presented here under the headings marked 
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EFFLUENT MONITORING PROCEDURE : Winkler Detennination of Dissolved 

Oxygen-Azide Modification 



EDUCATIONAL CONCEPTS - MATHEMATICS 



TRAINING GUIDE NOTE 


REFERENCES/RESOURCES 


C.3.1 


The formula used^ is: ^ 






normality of sodium thiosulfate x ml of sodium 
thiosulfate = normality of potassium biiodate x ml 
of pota^ssium bjiodate, 






Thrfee of the four values are known: 






ml of sodium thiosulfate is read from the buret. 






ml of potassium biiodate = 20.0 ^ 






normality of potassium biiodate = 0,0375 




« 


After rearranging the formula to solve for the 
normality of sodium thiosulfate, and inserting the 
known values: 

Normality of sodium thiosulfa'te = 

20.€ X 0.0375/ml of sodium thiosulfate = 

0.75/ml of sodium thiosulfate* 


* 

i 




> 




• 


m 


* 


* 

Id 
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EFFLUENT MONITORING PROCEDURE: 



Winlder Determination of Dissolved 
Oxygen-Azide Modification 



FIELD AND LABORATORY EQUIPMENT 



Section V 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCCS 



A. 1.1 
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If the glassware 1s especially dirty and canriot be 
cleaned with ordinary detergents, chropic ac.id 
cleaning may be required. 

^. Pour 35 ml of distilled water in a 250 ml beaker. 

2. Add about 1/8 teaspoon (simply estimate this 
quantity) of sodium dichromate Na^Cr^07 

to the water. ^ ^ f 

3. Swir.l the beaker until the sodium dichromate . 
has dissolved. 

4. Keep repeating steps 2 and 3' until no more 
sodium dichromate will dissolve. 

5. Pour the solution int^a 2 liter beak^r.'^ 



or Ci 



6. Slowly pour 1 liter oF'conc^ntrated sulfuric 
acid, H2SO4, into the 2 liter beaker. 

Caution; Use eyeglasses and . 

protective clothing. 

7. Stir the mixture throughly. 

8. Store it in a glass stofjpered bottle. 

9. The cleaning solution should be at a temperature 
of about SO^'C when^it is used. 

0. It may therefore be necessary to warm the 
cleaning solution. V 

1. When usjng the warm cleaning solution, fill the 
piece of glassware with the- solution. 

2. Allow it to soak for 2-3 minutes (or longer). 

3. Pour the cleaning solQtion back into the storage 
bottle. 

4. Rinse the piece of glassware ten -times with 
tap water. ^ , • 

5. The cleaning solution may be reused until it 
turns green. 



6. It'Should then be discarded. 



53 



14th Standard Methods, 
p. 336, section 2.C.2) 
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EFFLUENT MONITORING PROCEDURE : Winkler Determination of Dissqlved 
' ! Oxygen-Azide Modification 




FIE;LD and LABORATORY^ EQU IPMENT 



Section V 
1 



TRAINING GUIDE NOTE 



REFERENCCS/RESOURCES 



13th Standard Methods does, not specify a volume 
tolerance for the BOD bot'tles. A tolerance of 
+ 3 ml is suggested by: Methods for Chcpical 
Analysis of Water & Wastes 1974, U.S. Environmental 
Protection Agency. One method of chocking tjne 
bottle volume is as follov/s: 

1. Clean the following itemr'as described in section 
A.l , page 7. ^ ^ 

a. One 250 ml graduated cylinder. 

b. One ]po.(Lir\] volunetric pipet. 

c. One IGL^iTii graduated pipet. 

d. One 500 ml Erlenmeyer flask. 

2. Allow the glassware to drain dry. 

3. Turn on the hot and cold i;ater taps at the 
laboratory sink. 

4. Adjust the hot and cold water so the teriperature 
of the wa-ter is 20°^; Check it with a ' 
thermometer. 

5. Fill the 50T3 ml Erlefimeyer flask with the 20°C 
water. 

# 

6. Using the 100 ni^ volumetriJ^ pipet, place SOO^nTl 
of the 20°C water in the 250 ml graduated 
cylinder. (The meniscus will of course be 
above the 0 graduation line.) 

7. Us.ing the 10.0 ml graduated pipet, add 3.0 ml 
of the 20°C water to the same cylinder. 

8. Allow the pipet to drain into the sink and shake 
It so as to remove water from the tip. 



9. Place a mark at t.he bottom of tf^e mehiscus, 
is th^ 303.0 ml graduation mark. 



This 



10. Using the same 10.0 ml graduated pipet, remove 
' IC.O ml of the 20°C mt^r from Utje 250 ml 
graduated cylinder. 

n. Into the sink drain 6.0 ml of water from the 
pipet. 

12. Very gently blow the rest of theater in the 
pipet back into the 250 ml graduated cylinder; 



0".ige tlo. 2-18 
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MONITORING PROCEDURE: -'/nkler Determination of [/ssolved 
\ ■ . . Oxyften-Azide llodfffcatlqjft^ • 



FIELD* AND L/tfeORATDRY EQUlPMEt^T 



Section V 



TRAINING GtflDE NOTE 



REFERENCES/RESOURCES 



13. Place 'a mark at the bottom of the meniscus, 
ts the 297.0 ml graduation mArk. , 



This 



14. Emfity t* graduated cylin'de 
drain dry^ 



low It to 



\ 



* 4. 
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15. Fill the BOD bottle', whj'se volume is i;o be * 
checked, to o^flowing with 2.&^C ^ter, 

15. Carefully insert the stopper There must be^o 
air bubble^ in the btJttle. ; ' , 

17. Hold one finger^over the stoppenrfnd ^nveHl^he 
bottle so as to drain al) water from the flared 




18. Hold t4ie.4>ottle upright and Carefully remgve 
the stcjppe^r. 

19. Carefully pour the entire -icontents af-the bottle 
Into the 250 ml graduated cylinder. 

20. If the m9niscus is b^een the 297.0 and 303.0 ml 
grJduation mar^s, the BOD bottle may be used. If 
the meniscus \% not,- the 5ottle should not be \ 
us^1k)r ff^e BOD^ test. - 



I 



J 



s 
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A- PROTOTYPE FOR DEVELOPMENT- OF . . 
ROUTINE OPERATIONAL PROCEDURES 

> • for the 

DECHLORINATION OF SAMPLES FOR BIOCHEMICAL 
OXYG^DEMANiJ.AND SEEDING OF THE DILUTION WATER 




as applied in 

WASTEWATER T^ATMENT FACILITIES 

/■ ■ * and in the 
MONITORING OF EFRLUENT WASTEWATERS 



V 



'4 



Developed by the; 

National Trainitig Afta Opera t tonal Technology Center 
Municipal Ojfierations and Training Division ^ 
'Offi(ffe- of Water Program Operations 
U.S. Environmental Protection Agency 
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EFFLUW MONITORING PROCEDURE: Dechlorination olV Samples for Biochemical • 

Oxygen Denjand and Seeding of the Dilution Water 

This <|perational procedure was developed by: , 

N^ME Charles R..Feldmann ^, ^ . 



ADDRESS EPA, OWPO, NTOTC, Cincinnati, Ohi'o. 452&^r^ 
Position Cherrtlst-Ins true tor 
EDUCATION AND TECHNICAL BACKpROUNO' 

.B.S. - Chemistry J , . 
\ ; M.S.. - Chemistry ^ ' 

1-1/2 years Industrial Chemist 
4 years additionaT-Graduate School 
4 years college Chemi stry Tnstru^or 
1 -i/i years* DHEW - Air Pollution Program, -fhemi st 
' 10 yeajp«nrK- EPA, Chemist-Instructor 
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EFFLUENT MONITORING PROCEDURE: Dechlorinatibfi' of Samples for Biochemical 

^ Oxygen Demand, and Seeding of the Dilution Water 

•1 . Analysis Objectives: 

The learner will dechlorinate a sample of wastewater treatment plant 
effluent, and seed s supply of dilution water for use in the biochemical 
oxygen demand test. '^^^^ 

2. Brief Description of Analysis: * f 

Chlorine is added to wastewater treatment plant effluents in order to 
destroy undesirab([e bacteria. Par^t of ^h'^ chlorine is used up by ghemical- 
. red^tion with pollutants in the effluent. The resulting chflorlne compounds, 
a/d the chlorine which has destroyed the bratiteria, are 'an interference in 
^th^ biochemical oxygen demand test. If the chlorine is not chemically 
"neutralized^" the biochemical oxygen demand resuHs will be meaningless. 
The chemfc^T "neutralization" is accomplished by adding a calculated Amount 
of sodium sulfite solution to the sanjiple./ 

Because bacteria i;i the sample have beeflfdest^oyed' by the chlorination step, 
they must be replaced fn order to carrrfout the biochemical oxygen demand 
, test. This is accomplished by introdutfing bacteria from domestic sewage 
into the water used to dilute the dechlorinated> sample. 

3. itplJlicability of t^is Procedure: 

a. Theoretically, this procedure can be usfed to "neutralize" any concentra- 
*.tion of chlorine.. In practfce, the cqncentratlon whi.ch would have to be 

"neutralized" would probably. not exc'eed;,2 or 3 mg/Mter.\ 

b. Any needed preservation techniques woujd be those required for the 
biochemical oxygen demand test itself. Any lbs? of chlorine, such as ' 
through agitation, or exposure to sunlight, would actually be beneficial, 
since there would be less to "neutralize." 

-c. If the biochemical oxygen dema^nd sample is. taken prior to chlorination,^ 
the "neutralization" and seeding steps described in this procedure are 
unnecessary. In this case, the effluent monitoring procedure. Deter- 
mination of Five-Day Biochemi^l-Oxygen Demand (BOD^), should be used. 



^ Source of Procedure: Standard Methods/ r4th ed., par. 4.C.2) page 546 
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EFFLUENT"MOf)aTbRING PROC^URE: Dechlon'nation of Sampl 



es fon- Biochemical 



Oxygen Demand «nd Seeding of the Dilution. Water 
Dechlarinate 100 ml of samp^le'^ 



CalcifTate amount of sodium, sulfite 
to dechlorinate entire sample 



lejh^c 



Dechlorina^te entire sample 



Check completeness of dechlorination 



P^repare seed controls 



Seed the di lution .water 



Do initial and final dissolved oxygen 
d|tenninations on the seed con^^ols and 
the dechlorinated sample 



Final calculations 
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EFFLUENT MONITORIHG PROCEDURE: Dechlorination of Samples for Biochemical 

Oxygen Demand and^Seeding of the Dilution Water 

General Description of Equipmen^Used in'the Process ^ 

ijf 'A. Capital' Equipment: ^ 

1. Trip balance, 100 g capacity 

2. Analytical balance 

3. >StilT, or other source of distilled water 

4. ' One incubator, 20 C + 1 C (large enough for 6 BOD bottled and a 2 liter 

Erlenmeyer flasks 

B. Reusable Supplies: 

1. Brushes (for cleaning glassware) 

2. Brush (for cleanf^g balance) 

3. Laboratory apron ' v ' * , ' * 

4. Safety glasses 

5. One distilled water plastic squeeze bottle , - . > * . 

6. One pen or. penci 1' 

7., One notebook (fcrr'/recoriJing data) 

8. Sponge (for cleaning laboratory table top) 

5. Three' 1 liter graduated cylinders 

10. One 500 ml graduated cylinder^ ^ \ 

11. - One 250, ml graduated cylinde^ , « . - 

12. One 100 '.ml -graduated cylinder 

13. One 50 ml graduated cylinder / 

14. One 10 ml graduated cylinder 

15. One 250 ml beater 

16. One hot plate • 

17. One BPgnetic stirrer (optional) 

18. One magnetic stirring bar (optional; about! inch long) 

' 19. One small spatula (for use when weighing solids) • ' 

20. One 25 m; buret ' : " ' , ' 

'21. One sma>l funnel -(to fit in the top* of the buret) 

22. One clamp (to Support the buret) , 

23. Od? ring stand (for use with the buret and clampj ' ^ ^ 

24. One nfK)rtar and pestle (about 100 ml capacity) 

25. One eyedropper - ' 

26. One 1 ft. long stirring rod . ^ c, 

27. ^-ft^ 10 ml graduated pipet * ' , 

28. One 100 ml volumetric pipet 

29. One 50 ml volumetric pipet *^ 
Two 1 liter glass-stoppered bottled 

31. Two 100 mT glass-stoppered bot.tles 

32. Two 2 liter' Erlenpieyer flasks ^ 

33. One 500 ml Erlenmeyer fl^ask « \ ^ 

34. One 250' ml Erlenmeyer fVask 

35. Four plastic weighing boats (2 inches on an edge) " ^ 

36. One Erlenmeyer ^Igsk or large bottle containing about 5 liters of dilution 
water at 20 C + 1 C. (See the effluent monitoring procedure, Deterrm'nation 
of rave-Day Biochemical Oxygen Demand, BODr, sections B.l. through B.6. 
for/its preparation. , 

/ 
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EFFLUENT MONITORING PROCEDURE: Dechlorination of Samples for Biochemical 

'Oxygen Demand and Seeding of'the Dilution Water 

B. Reusable Suppl'ies (Continued) % ^ 

37, One siphon (long enough to reach to the bottom of the above container) 

38. One siphon (long enough to r'each to the bottdnv of a 1 liter graduated 
cylinder, item 37 may be used if it is thoroughly rinsed) 

39. One plunger type mixer (for use with the 1 Itt^r graduated cylinders) 

40, Twelve 300 ml j(+ 3/ml) BOD bottles 
41 ^ One pipet bulb 

42? One 1 liter volumetric flcisk 

43. Asbestos gloves or crucible tongs 

44. Equipment .for determination orf dissolved oxygen by the Winkler *Method- 
4zi"de^ modification/or by the use of a dissolved oxygen meter. See the 
appropri ate^ eff 1 uent monitoring procedure. 

C. Consumable Supplies: 

1. Concentrated sulfuric acid, H^SO*, 5 ml 

2. Potassium iodide, *KI, 10 g 

3. Anhydrous sodium sulftter ^a^SO^, 2 g ^ 

4. Soluble starch, 5 g . ' - 

5. Salicylic acid, C^H^OyJ.lb g ^ . 

6. Reagents for determination of dissolved oxygen by the Winkler Method, 
azide modification; or by the use of a dissolved oxygen me^r. 

»'-^ ' » » 

All reagents should be of high quality;. Different chemical ma^nufacturers 
» may have different ways of indicating a ffigh quality reagent, * While no 
endorsenient of orte chemical mafnufacturer over another 's intended, the 
following are some designations used in four chemical catalogs to indi- 
cate high^r]ual ity reageaf?. 

Catalog ^ Designati ons 

Thomas , . Reagent, ACS, Chem'ically Pure i$^P) 

Matheson, Coleman Bell Reagent, ACS - 

Curtin Mathesop , Primary Standard, ACS, AR 

Scientific, Inc. 

Fisher' Certified, ACS- 
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EFFLUENT MOMTORING PROCEDUPF : Dechlonnation ,of Samples for Biochemical Oxygen Demand and 

■ Seeding, of the Dilution Water . 



♦Page Ho, 3-8 



OPERATING PRCCEDURES 



A. Equipment Preparation 

1 . Cleaning of glass- 
ware 



Balance inspection 



B. Reagent Preparation 
' 1 . Seed materia 1 * - 



STEP SEQUENCE 



Clean al 1 'glassware and^ 
rinse with d-istilled water, 



Chesk all bal ances for 
cleanliness and proper 
operation. 



1. Co-llect^l .liter of domestic 
sewage influent in a- 2 
liter Erlen(neyer flask. 

2. Place^the flask in an in- 
cubator for 24-35 hours. 



infgrm;it:on/cpe-a^:ng goals/specific-": on: 



la. Throughout the remaindej^ of thi s"^ procedure , un- 
less* otherwise stated, the word water means 
distilled water. j 

la. Consult the manual supffHed with the balance' if 
you are unable to correct any me^lfynction of the 
balance. 



la. Simply estimate this volume. 



2a. At 20 C + rc. ^ 

2b. There, should be no stopper in, or cover on, the 
' flask. 

2a During normal working hourly. swTrl the flask for 
about 1 minute ewery 2 hours. This w^ll ensure 
that the sewage is thoroughly mixed with- oxygen 
from the air. 

2d The solids in the seWTge must be completely settled 
when the sewage is used in this procedure. There- 
•fore, the last swirling should be done art least 
2 hours before use. 

2e. These steps must be done 24-36 hours before the- 
sample is to be deohlonnated and. the BOD set up, 
in order to prevent any delay in the procedure. 

2f. The supern^tar^ 1 iquid abbye the soLid material 
IS called seec^ . ^ 

2g. Tjais seed material will be- used in sections F.l. 
afid F.3. , . . 



TRAIMNG • 

G'jide notes 
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EFFLUENT IjONITGRING PROCED'!fPF: 




Dechlorination of Samples for Biochemical Oxygen dmand and 
Seeding of the Dilution Water 




OPERATING PRCCEDURES 



8/ Reagent Preparation 
(Contmued) 

2. Sulfuric acid 
solution, H^SO>., 
1+50 ^ 



0 i 



3. Potass-ium iodide 
solution, KI, 10^ 
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STEP SEQ'.ENCE 



1. Measure 50 ml of distilled 
water. 

2. Pour it into a 250 ml 
Erlenmeyer flask. 

3. Measure 1 ml of concen- * 
trated sulfuric acid, 

, H^SO^. 



4. Pour it»into the Erlen- 
meyer flask. 

5. Swirl the flask to mi-x 
the contents. 

'X ' 

6. Store the solution in a 
100 ml glass stoppered 
bottle. 

1. -Weigh lO^of potassium 

iodide, kT 

2. Transfer \t to a graduated 
250 ml Erlenmeyer flasl^f. 

3. Add water to the fl^sk to 
the 100 ml- mark. 

0 

) 

4. Swirl the flask to dissolve 
the sol'id. 



I'.FCRMA'ION/CFE-A'ING GOALS/ SPEC I ^IC^^ ION 



la. Use a 50 ml graduated cylinder. 



<4 . 

3a. Use a 10. ml graduated cylinder. 

3b. It will be more, convenient, and safer, to pour 
2 or 3 ml of the acjd into a small beaker, and 
pour it from. the beaker i.nto the -cy"* inder . The 
exc^ess acid may be disca[^ded. 



la. Use a trip balance. 

lb. Use a pla'stic ^eighing boat. 



7 



TPAIMNG 

Glide notes 
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EFFLUENT MUNITGRING PRO'CEDURF: 



Dechlorination of Samples for Biochemical Oxygen Demand and 
Seeding of the Dilution Water 
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..WiWATtl^g PROCEDURES 



STEP SEQUENCE 



iNFORfnATION/OPERATING GOALS/SPECIFICATIONS 



TRAIflING 
GUIDE NOTES 



B. ,Reagent Preparatiorf 
(Continued) 



4. Sodium sulfite 
solution, Na^SO 
0.025 N 



5. Starch indicator 



6' 



5. Store the solution in a 
1 00 ml 'gl ass stoppered 
' bottle. 

1. Weigh 1.575 g of anhydrous 
sodium sulfite/ Na^SO^. 

2. Transfer it to a 1 liter 
volumetric flask. 

3. Fill the flask about half 
full with water. 

4. Swirl the flask to dis- 
solve the solid. 

5. Add water to the 1 liter 
mark. \^ 

6. Thoroughly mix the con- 
tents of the flask. 

7. Store the solution in a 

1 1 iter glass stoppered 
bottle. 

1 . Weigh 5 g of soluble , 
starch. 

2. Transfer it to a mortar. 

3. Measured* liter of water. 

4. Pour the water into* a 

2 liter ,Erlenmeyer flask. 



la. Use an analytical balance, 
lb. Use a plastic weighing boat. 



7a.' The concentration of this, solution is 0. 
7b. It \s not stable, Snd'must be prepared 
on each day i t is used.* 

la. Use a trip balance. ^ 
lb. Use a plastic weighing bodtt. 



3a. Use a 1 liter graduated cylinder. 



i 
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EFFLUENT MONITORING PROCEDURF : DecHl on nation of Samples for' Biochemical Oxygen Demaml and 

^ Seeding of th^-Dilution Water 

t ' <»- ■ . ' ■ 



OPERATINlT PROCEDURES . 



STEP SEQUENCE 



I fi FORMAT IpN/OFERAT I N G ggals/specIfications 



■ J TRAINING 
" GUIDE flOlEr ^ 



t B- Reagent fl^reparati on 
(continue?!^ 



/ 
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5. Bring the water to a boil. 

6. While the water is coming 
to a boil , add 1 ml of 
water to the starch in the 
mortar. ^ 

7. Grind tlie starch and^a^ter 
together. 



8. Pour the thin pafte slowly 
into the boiling watei*. 

9. Invert a 250 ml bealcer and 
place it on top of the 
Erlenmeyer flask. 

10. Turn the hot plate Off. 

11. Remove the flask from the 
hot pVate. / . 



5a. Use a hot pla^te. 

"Sb. While the water fs, coming to a boil, do step's 

6 and 7, ^ 

6a. Use a 10 m-1 graduated cylinder.^/ 



7a. U^*? a pestle.^ 

7b. The objective is tx) form a thin paste. 
,7c.. A few additional droops of water may have to 
* be added. 



1^ 



lla. Caution: The^fllsk is hot. 

lib. Use asbestos gloves Qr crucible tongs tTTmove 
'the flask'. ^ * ' 



1^ 

tu mo 



12. \llow the starch solutipn 
Jl5 



to stand overnight. 

Careful l/^decarlt- the supe!^- 
natant .Ti-^-jid into a 1 
li tpr glass- stoppered 
bottle. „ * 



13*. Recall that decant mean?.to carefully p()ur oat 
tjTj^liquid and leave any solid material b#ffipd. 



6J 
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EFFLUENT MUN^ORING' PROCEDURf : Dechlorination of Samples f6r Biochemical Oxygen Demand and 

Seeding or the Dilution Water 
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OPERATING PROCEDURES 



STEP SEQUENCE 



IfiFORMATION/OFE^/^"^If;G GOALS/ SftC I ^ICA" IONS 



TRAT 
GUIDE NOTES 



B.' Reagent Prepai^at>on^ 
(continued) 



6. 



Dilution- water 



14. Weigh 1 .25 g of salicylic 
a&tid. 



IS.^Add'it to tte starch' solu- 
tion in the bottle. 

16^ Swirl the bottle to dis- 
^ solve^the sol id. 

1. Prepare the needed quan- 
tity of dilution water! 



4 



14a. Use an analytical balance (or*lrip balance if it 

weighs to the second decimal place). 
14b. Use a plastic weighing boat. 



la. See^the effluent mpnitoring procedure on the 
Determination of Pive-Day Btochemical, Oxygen 
Demand, sections B.l. through'B.6. , for the pre-' 
paration of the dilution water. Throughout Ihe 
remainder of this procedure, the EMP on BOd{ will 
be used to mean. the effluent monitoring procedure 
on tine Determination of Five-Day Biochemical 
Oxygen Demand, • ^ 

lb. A maximum of 300 ml is needed for eath BOD bottle', 

whether it contains a sample, seed material, or 
^ a dilution w^tet; blank. ' ^ — 

Ic; Multiply the nTJmber of bottles to be set up by 
300 to q^t the total volume of dilutioQ water 
jJ^ded. Prepa/e an eJ^tra 500 ml for "safety". 
Tlx bottles are needed for the seed material,- and. 
2 are needed for the d*ilution water blank.' See ' 
the EMP on BODr, sections C.l. and C.2., for the 
number of .s^m^Je bottles needed.. 

Id. Recall^ from the EMP on BOD^ that the dilution 
water should be at^200 + l^C when^used. When not 
being used^jH is-stored at this temperature. 
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EPrLUEMJ MUMTCFING PRQCEDURF : Dechlorination xif Samples for Biochemical Oxygen Demand and 

Seeding of the Dilution Water 




OPERATING PRCCEDURlS 



STEP SEC'.ENCE 



i:;fcpma::on/'pep;':sg goals/ spec if:£^^:ons 



TRAIMNG 

guioe notes 



C. Determination of • 
amount of Sodium Sul- 
fite needed for de- 
chlorination ^ 



1 . Pipet 1 00 ml of wel 1 mixed 
sample into a 500 ml Erlen 
meyer fla-sk. ^ 



la 



lb, 



2. Measure'lO m}' of the sul- 
furic acid solution! 

3. Add it to the Erlenm^yer 
flask. 

4. 'Swirl the flask to mix • 
the contents. 

5. Measure TO ml of the potas- 
sium iQdide ^sol utiorv. 

6. Add it to the Erl^nmeyer 
fTdsk. 

"^-.iwjrT the flask to mix 
The contents, 

8. Fill a 25 ml buret to the 
0.0 line^ with the 0;025 N 
sodium su]fite.*/ 

9. While swirling the flas-k 
vigorously, "add tHe^tKilum 
sul f ite from the buret'. 



Use^a volumetric pipet? If solids clog thartip 
of the pipet, use a gra'du^ted cylinder. 
See Sections C.l and C.2, of the EM^ on BJOD5 to 
d'etermine th'e amount of sample needed. Since 
100 ml of sample are needed to determine the 
quantity of sodium sul/ite required fpr dechlori- 
nation, t^e^ sample volume ccfllected should be 
about 100 mj, plas the amount of sample needed, for 
the BODs,^ plus about 200 ml for "safety." Simply 
estimate "the total volume when collecting the 
sample. ' » 



2a. Us.e a 10 njl gradiiated cylinder. 



Sa., Use a LO ml graduated cylinder. 



7a. Thre coTo^^'f^i^the solution is red brown. 



9a. Add the sodium sulfite it a fast, ^op-wise 
9t). A magnetic stirrer may ^ used. 



rate. 



/ 



m ^ 
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OPERATING PRCCEDURES 



STEP SEQUENCE 



IfiFGRMATION/CFE^A^ING GOALS/SPEC I FICA"r IONS 



TRAINING 
GiiilDE NOTES 



C. Detenmnation of 
Amount of Sodi um Sul ■ 
fite needed for de- 
chlorination (con- 
tinued) 



r 



10. When the red-brown color 
changes- to a pale yellow > 
color, stop the addition 
6f sodium sulfite. 

11. Measure Z^ml of th& starch 
i ndicator . 



12. Add It to the flask. 

jSwirl the flask to'mix the 
,ents. J 




♦ V 



1 rl ing the flask 
(or usiflg the magnetic 
stirrer^ , begin again to 
'ddd the\sodium sulfite 
^DlutionhV rom the buret. 

15. When the- so\ution turns 
from pale blYie to color- 
less, inmedifitely stop the ' 
addition of kpd.ium sulfite 

16. Record the ml ofVsy^ium 
, sulfite used to one place 

to the right of-the 
d^cimd/1 point, " 



11a. Use a'lO ml ^graduated cylinder. 

lib. Although the cited reference does not specify 
what volume of starch indicator is to be used,- 
two ml IS a commonly used quantity. 



13a. The solution will be^medium or o^le^blue in color 

14a. At a rate of about 1 drop per-second. 

14b. The solution will become lighter blup in color. 

14c. Read step 15 before carrying out step 14. 



16a. Note that the 100 ml of sample you have just 
titrated should now be discarded . The actual 
Bt)D test will be done on anotheT , and larger 
, portion of sample. 



EFFLUENT MUtilTCRING PROLEDURF . Dechlorination of SaiTi??Ies for Biochemical Oxygen Demand and 

■ Seeding of the Dilution Water 



OPERATING FRCCEDURES 



STEP SEQUENCE 



iriFGRMA:iON/cPE=/i':',G GOALS/ SPEC I F!cr:o:. 



TRAIMNG 
GUIDE NOTES 



D. Calculations 



ERIC 



7«. 



1. Calculate the amount of 
the 0.025 N sodium sulfite 
neejjed to dechlorirlate the 
rest of the biochemical 
oxygen demand (BOD) sample 



2. Measure the amount of 

. 0.025 N sodium sulfite 
just calculated. 

3. Add it to the entire BOD 
sample. 

4. Stir or s^jake the sample 
container so as to mix 
the contents. 

5. Let the container stand 
for 20 minutes. ^ 



la. Example calculation: 

Assume 3.2 ml of the 0'.025 N sodium sulfite were 
used from the buret to titrate the* 100 ml of 
sample; i.^., 3.2 ml of the sodium sulfite were 
needed to dechlorinate 100 ml. of sample. 

Ib.^ Assume 1 liter is the total volume of BOD sample. 
Ic. ml of 0. 025 N, sodium sulfite to dechlorinate the 
rest of the BOD sample = 



ml of entire 
BOD samp>e (1000) 
ml of BOD sample 
taken for the , 
above test (100) ^ 



ml of 0.025 N sodium 
sulf i te used, from the 
buret in C, (3.2) 



= 1000 
100 

= 32 



X 3.2 



2a. It was 32 ml inHhe example calculation. 

2b. Use a graduated pipet if the required amounf of 
sodium sulfite is less than 10 ml.' If it i-s 
gre^fter than 10 ml, use a graduated cylinder. 



/ 



( f 
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OPERATING PROCEDURES 



E. Check on Dechlorina- 
tion 



KM ( 



STE/ SEQU 



ENCE^ 



1 . Repeat steps C. 1 through 
C.7 above. 



2. Add 2 ml of starch 
indicator. 

3. Swirl the flask to mix the 
contents. 



Discard the 100 mT"^of 
sample on which the check 
was performed. 



INFORMATION/CPEPATING GOALS/SPECI FICATIOrrS 



la. 



lb. 



However, the color should not be red-brown at - 
this time. It will either be colorless, or 
pale blue. , 
Except use 100 ml of BOD sample tchwh'ich t^ie 
0.025 N sodium sulfite solution h^s already been 
added. (D.5. ) 



2a. Use a 10 ml graduated cylinder. 



3a. If the solution ^is colorless, it indTcates that 

all of the chlorine has been "neutralized," and 

the dechlorinated sample may now be used for the 

BOD test. See the EMP on BOD5, Sections C;i. 

and^frrf. ^ 
3b. If there is an^ blue color, it indicates that not 

all of the chlorine interferences have been 

"n:Lit> al ^*zed. " 
3c. If there vs blue color, add 2 drops of the 0.025 N 

sodium sulfite to the BOD sample (1 liter in the 

example calculation) and mix. 
3d. Repeat 3c., E.l, E.2., and E.3., above until the 

sol ution is colorless . 
3a. When the colorless condition has been achieved, 

th^ sample is dechlorinated and may be used for 
• the BOD test. See the Emp on BOCTc , Sections C.l. 
'and C.2. * 



TRAINING 
GUIDE NOTES 



7 b 






EFFLUENT MONITORING PROCEDURF: 



Dechlorination of Samples for 
Seeding of thre Dilutioij) Water 



ocheimcal Oxygen Demand and 




OPERATING PROCEDURES 



STEP SEQUENCE 



INFORflATrON/C'pftATING GOALS/SPECIFICATIONS 



^TRAINING 
rCUIDE NOTES 



^. Calculation of Oxygen 
Depletion in the 
Sample, Due to Seed, 

1 Preparation of Seed 
Controls 



1 . Pipet 100 ml 'Of the 'seed 
(supernatant liquid) 'used 
in B.l .2. into a V liter 
graduated cylinders 



la» In order to calculate the BODr for a sample whicK 
has been diluted with seeded Qilution water , the 
oxygen^epletion i-n the s'ami^le due to the seed , 
must be. considered. In order to be useful for 
the final calculation of BODr> the five-day 
oxygen depletion in the seed control (Fj!) must 
be 40-70X. In F. 1. below, three seed dilutions - 
are set up; lOX, 15%^ and 20%. At least one of 
th^m should give a depletion in the 40-70% r^nge. 

more than one dilution l^,^^^ ^ depletion in 
the 40-70^ ran^e, use the higher^ % v^lue for cal- 
culation of t\)e BODr- The 10, 15, and 20% di- 
lutions may not be nigh enough to. give a 40-70^ 
depletion with some seed material / If not, ex-' 
PQrience will have to be gsed. For example, 20, 
25, and 30% may have to bemused. Three dilutions 
should still 'be 'set up, however. The first step 

^ in determining the ftxygen depletion due to the 
seed is to^ prepare •seed controls . The second 
step is*to determine the oxygen depletion in the 
seed controls. After thi^, a seed controT cor - 
rection is calculated and ^ppli-ed to the BOD^. 

, ' of the sample. Example calculations 4re usea 
^ throughout the rerpainder of this procedure. 

lb. Use a lOO ml volumetric pipet. . 



PI 
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J. 



OPER/ffiNG PROCEDURES 



F. Calculation cf (kygen 
Depletion -in th^ 
Sample. Due to Seed 
continued) 



.J 




<3r 



STEP SEQUENCE 
—$ 



2, Sipnon dilution water (B.6.) 
(2q:C + rc)' into the 
graaudted cylinder to the 
fOOO ml line. 



3. Thoroughlyi&rix the^contents 
of the cyl inder. *' - 

4. Repeat ste^k 1 . , <>2. , and 
3. except uS& 150 ml of 
s^ed and a second cylinder. 

5. Repeat stepjs 1 .j^ 2. , and 
/ 3. > .except 'use 200 ml of 

» — ^seed and a third tyl,>nder. 
\\ 

6. Calculate the7° o^'Se^d in 
^^ach of the 3igraduated 

c}^1inders. 



■ ' P- 

INFORMATION/CPERATING bUALS/ SPECIFICATIONS 



Za. If the sipho^wa^ "primed" with water, ^ste 

about 50 ml before filling thscylinder^ 
2b. Cause no splashing of the li'quid. . 7 
2c. Let the dilution w^ter run down the sides of the 
cylinder. 

2d, Recall that ^il ution' water 1^ distilled^water 
plus the calcium, m4gnesium', ferric, and buffer, 
solutions, ^ ' 

3a. use a plunger type mixer. 

3b. Cause no splashing of th^ liquid. 

4a, Use a 100 ml and a 50 ml volumptric pipet. 



5a. Use a 100 ml volumetric pipet. 



/ 



6i. IQO ^ ICQ = 10 % of seed, in the first cylinder'. 
- .'1000 , . 

6b. 150 X 100 = 15% erf- sped i/i the second cyl inder. 
1000 ^ ^ 

Be'. 2D0 X IQO, = 20% of seed in the third cylinder, 
'a 1000 



TRAINING 
(iUIDE NOTES 



4 
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EFFLUENT rVJMTORING' PROCEDURF' 



Dechlorination of Samples for Biochemical Oxygen Demand and 
Seeding of the Dilution 'Water*' 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/CPEFAT IN6 GOALS/SPECIFICATION: 



TRAINING 
GUIDE NOTES 



F. Calculation of Oxygen 
Depletion in the 
Sample* Due-^to Seed 
(continued) 



ERIC 



8! 



Fill 2 BOD^ bottles from 
the first (10%) cylinder 
•by siphoning. 



•8. Sto*pper the 2 BOS Mftles 
tightly and label them. 

9. Repeat steps 7 and 8 u<;ing 
the second (15%) cylinder 
and 2 more BOD bottles. 

10. Repeat steps 7 and 8 uSting 
the 'third (20%) cylinder 
and 2 more BOJ) bottles.- 

11. Fill the flared top of 3- 
of the stoppered bottles 
with water. 

h 

12. Store them in the incubator: 
for 5 days. 



7a. Hold the end of the siphon near the bottom'of 
jr the BOD bottle so as to prevent splashing. • 
7b. Open the siphon slowly. 

7c. Fill the bottles until the liquid jtist begitis 
to overflow. ^ 

8a. Do not cause formation of an air bubble by 
inserting th^ stopper too vigorously. 



%. Qns. of the 10%, on^ of the 15%, and ons. of th^ 
^ 20% bottles. ' ^ . 



/ 



l2a^At: 20°C + 1°C. / 
Ub^ InVhe dark. 

12cr'Chec^ the flared tc/ps at least twice daily and 
refili^with water as needed. 



8[ 
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OPERATING FRCCEDURES 



Calculation of Oxygen 
Depletion in the 
Sample* Dua to Se.ea 
(continLi|d) 

2. Detennination of 
Oxygen Depletion 
in the Seed Con- 
trols 




. STEP SEQLENCt 



Determine and record the 
initial-.DO of the other 
3 bottles. ! 



A'^tef ^ive days, determine 
and retard the f 'nal DO of 
of .the 3 incubated bottles 




INKr^'A::0N/':PE-A':Nj5 G'^LC/SPECIFICA^Z''/: 



U. Jh^ other 10", 15'1, arfd ?0% bottles, 
"lb. Use the WinMer Method - azide modification, or 

a DO meter. See the' appcopria te effluent nonitot 

ing procedure. * • * ^ 

Ic. The DO determination should be made wit^^in 15 

piinutes after nixin'g the conterrts the liter 

graduated cyl ind^r . 

2a. Use the ^^ane methods for tne' initial DO det^»^- 

minations. , 
2b. Example calculation. ^ 

7.0 mg/1 = initial DO of the 20"^ seed control 
•2^mg/l = final DO of the 20^. seed control 
4.2 mg/1 = 5 day DO depletion of th^ 20^; seed 
control 

4.2 X lOd = 60^ DO depletion m the 20^. seed 
7.0 control. (This is within the 40-70. 

raYige.) * 

By similar calculation, if the 15'^ seed control 
gj^s a 40^ dep.letion, use the 20*^. seed control 
ilpulati^ng- the final BODr valiie, as ex- 
blned before. . ■ 

2c. The 203 seed control will be used for the rest 
of thre example calculations. 



TRAINING. 
GLIDE N0;ES 
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lUil^^ MUMTOFING PP OCEDuRF : 



Dec'nl onnajfeion of Samples for 
Seeding of the dilution Water 



or Bin 



lochemical Oxygen Semand anrj 



OPERA^TING FRCCEDWES 



ST^P 



!^^CJ;KAT:o^/:F^:;;^I^G ggals/ specie CA^:G^^ 



TRAIMNG 
GUIDE XJTES 



F. Calculation of Oxygen 
Depletion in ^the ' 
Sample, due to Seed 
( continued) 

3. Seeding of the 
Dilution Water 



Pipet the calculated 
amqj^t of seed (superna- 
tant 1 iquid) from the 2 
liter flask (B.1.2. ). 
This is the same seed used 
to prepare the seed con- 
tcoTs in F. 1 . » 



2. Draifi tke. se&t fposn the 
- pipet 4nto the dilution 
■ water container . 

3. Mix the dilution water and 
seed by swirling the con- 
tainer. 1 



lb. 



ic. 



Id. 



^r example, assumfe 3 liters of dilution water 
are left after preparati on of the vee'd controls 

(F.r.).- . - . ■ ' 

Two ml of the supernatant liquid, (^eed) are used 
for eachi 1 liter af dilution wa|4r - seed mixture. 
Continuing the exajnpla, 6 ml "of^seed would be 
pipetted (3 x 2) . ^ » ^ " 
As.mentioned in the effluent monitoring 'procedure 
oo^the Determinatian'of F'ive-Day Biochel^ical • 
-Oicygen Demand, dunrvg the i,ncubation period, at 
least 2 mg of di s-sal ved* oxygen/V must be used'by 
the sai}i0l e, -and at least 1 mg/1 rT]ust remain at 
the end of the incubation period. 'If less than 
the 2 mg/1 is usecK Increase the- amount of seed; 
e.g., maybe 4 or- 5 ml of sted wil].~-b»^ needed for 
each liter of the dilutionlwater-seed mixture. \ 
Only experience can) betermine the proper amount 
of seed tp use. , ' 

Use d> gradoated pip#t to measure the seed, ten 
ml size in the examplet' If sol I'ds clog the tip 
of. the^ pipet, use a graduated 'cylinder. Ten/ml • 
size- in the example. ^ 



2a. Continuing the example, there are now 3006 ml of 
1 iquid in the container. 



3a . After mixing , 
seeded. 



the dilution waier is said to be 
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.OPERATING FRCCEDURES 



STEP SEQUENCE 



INFCRMATION/C^E^ATI.SG 



G&ALS/SPECIFICATia',^ 



TRAIf 
GLilDE 



ING 
f.OTES 



Calculation of Oxygen 
* Depletion in the 
Sample, due to Seed 
• (continued) 



Determination of 
Seed Control Cor- 
rectibn 



.4. Place the container of * 
seeded dilution water in 
the incubator. 

5. The 2 liter flask may now 
be emptied. 

1. Determine what^di 1 utions . 
will be made on the sample 



2.' Calculate the amo^jnt of^ 
' seeded dilution water 
needed. 



Calculate' the aoiount of 
seed present in the di- 
lution -water used to 
di lute the sample. 



4d, 



20°C + 



1°C. 



4b. Until It IS needed. 



la. 



lb. 



2a. 

2b. 
2c. 



3b. 



See the 'effluent monitoring procedure on the' 
Determination of Fi/e-Day Biochemical 0>ygen 
Demand, sections C.l Je. 'and ClJf, 
For the purpose of example, assume you have 
gained experience abouf^the proper sjample volUmG 
to use, and you are gcjing to set up a 40^ di- 
lution on' the effluent of a treatment' plant treat- 
ing domestic wastewater. 

Continuing the example: the dilution is. being^ 
done in a 1 liter graduated cylinder. ^ 
1000 X Q,40 (40^ as a decimal) = 400 ml sample. 
1000 - 400 ^ 600 ml dilution water. ^ 

Continuing the exar^ple: 
600 ml of dilution water are being used. 
6 ml of -seed were addecj to 3 liters of dilution 
water; i.e., 6 ml seed, and 3000 ml dilution 
water. 



3c. 6 



6 + 3000 



X 100 = 0.2^ seed in the seeded dilution 
water 



ERIC 







rrr, ,,<-», T u, T Trr T . r nnfrcniinc Dechlorination of Samples for Biochemical Oxygen Demand and 
EFFLUENT MoM.ORI.G PROCEDURF : 3^^^.^^ Dilution Water 

4 - 




OPERATING PRCCEDURES 



SpP SEQUENCE 



IfjFORMATION/OPERA'ING GOALS/SPECIFICATION: 



TRAPPING 
GUIDE NOTES 



G«alculations of Oxygen 
Depletion ifi the 
Sample, Due to Seed 
(continued) 



ERIC 



9:j ; 



4. Calculate the % of seed 
material in the 300 ml 
BOD bottles containing 
the sample. 



.5. Calculate the % of seed 
i-n the seed control'. 



4a. Continuing the example: 

A 40'c dilution of the sample is being set up ^s 
was mentioned in F. 4. 1,1b.), 

4b. In the\ 300 ml BOD bottle: 



40% 
601 

4c. 300 
300 



^4d. 



satnple - . ' * ' 

seeded diWtion water . 

0.4 (40% as a decimal) = 120 ml sample 



0.6 (60% as a decimal ) 



180 ml seeded - 
dilution water. 



The seeded di lutiorv water contains 0.2% seed 
(F. 4. 3.3c. above). \ 

180 0.002 (0.2% ai a decimal-) = 0.36 ml seed 
material in the 300 tel BOD bottles 

0.36 X , 100 0.12%\eed in the BOD bottle 
300 \ ^ , 



5a. Continuing the example: , - * 

The 20% seed control gave a 60% 'Oxygen^ depletion 
and will be used-for the example calculation as 
m^ntfA|ed m F. 2.2. 2b. and F,.2..2.2c. 

. 5b. Th^efore, there, is 20% seed in the ^eed control. 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIOE liOTES 



F. Calculations of Oxygen 
Depletion in the 
Sample, Due to Seed 
(cofitinued) 



G. Calculation of 5'6Da, 
Corrected for Use of 
Seeded Dilution Water 



9 J 



6. Calculate the seed control 
correction factor/ . 



7. Cal-culat& the seed cor- 
rection . 



6a. Continuing the example: > 

% seed tn BOD bottle / • 
% seed in the S€e'd pontrol 

= 0. 

2^ 

^ = 0.006 
7a. Continuing the example: 



seed correction = five day oxygeq depletion in 
seed control X factor: ^ 

7b. Oxygen depletion = 4.2 m^/1 (from F.2.2.'2"b.) 

X 0.006 . 

^ = 0^.025 mg/1 ^ ' 



1. Calculate mg BODr/1 for 
the sample. 



2. Subtract the seed' correct- 
ion. 



la. See the effluent monitoring procedure on the 
Deterini nation of Five-Day Brochen^ical Oxygen 
" Demand, section D. 1 . . , 

^b\ Continuing the example: 

Assume the BOb^ to be 30 mg/1. 

2a. Conl%Ttiing the. example: 

mg^BOD^/l = 30 mg/1 - 0.025 -mq/l ; ^ 
* . = 29.98 mg/1 ^ , ^ 

= 30 mg/1 (rounded off) 
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EFFLUENT MONITORING PRO^EDURF r ' Dechlonnation of Samples for Biochemical Oxygen Demand and 
^ Seeding of the Dilution Water 



OPERATING PRCCEDURES 


StEP SEQUENCE 


1_ 

. INFORMATION/OPERATING GGfrLS/SPECl FiCATIORS ■ 


/ 

^ TRAINING , 
GUIDE NOTES 


G, Calculation of BODc, 
Corrected for Use 
' of Seeded Dilutien 
Water (continued) 




I 

2b. In this example, the seed correction was small 
enough to be ignored. ' However, It will not 
necessarily always be small enough to be ignored, 

' r ■ 1 ■ ^ , 


J V 






u 
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Demahd and Seeding of the Dilution Water 

TRAINING-. GUIDE 
SECTION ' • - TOPIC 

I ' ' Introduction 

II Educational Concepts' - Mathematics " 

i 

III ' ^ I Educational Concepts - Science ^ 

IV Educational -Concepts - Cormnunkat^ions 

V Field an(Maboratory Equipment 

VI , Field and Laboratory Reagents 

VII . Field and Laboratory Analysis ' \ ^ 

VIII . Safety 

IX Records and Reports 




^Training guide materials are presented here under the headings narked *. 
I 
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^ ] ~ and Seeding of the Dilution Water 



FIELD AND LABORATORY EQUIPMENT 



Section V 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



A.l .1 
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If the glassware is especially dirty and cannCt be 
cleaned with ordinary detergents, chromic acid 
cleaning may be 'required. 

1. Pour 35 ml of distilled water in a 250 ml beaker. 

2. /idd about 1/8 te^oon (simply estimate this 
quantity) of sodium dichromate, Na^CrpOy, to 
the water. 



3. Swirl the beaker until the sodium dichromate 
has dissolved. 

4. Keep repeating steps 2 and 3 until no more' 
sodium dichromate will dissolve. 

5. Pour^the Solution into a 2 liter beake^. 

6. Slowly pour 1 'liter of concentrated sulfuric 
acid, H^SO^', .into the 2 liter beaker. 

CAUTION- Use eyeglasses and protective clothing. 

7. Stir the^ mixture thoroughfy. 

8. Store it in a glass stoppered bottle. 

9. Tiie cleaning solution should be at a' temperature 
of -.about 5n°C when it is used. 

10, It may therefore be necessary to warm the 
cleaning solution. 

\] , When using the warm cleaning soltjtion, fill the 
piece df glassware v^ith the solution.. 

12. Allow it to soak for 2-3 minutes (or longer). 

13. Pour the cleaning solution back into the storage 
^ bottle. 

14. Rinse the piece of glassware ten times with tap 
water. 

15. The cleaning solution may be reused until it 
turns green. 

16. It should ther> be discarded. ? 



or 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 

for the 

DETERMINATION OF DISSOLVED OXYGEN USING 
A DISSOLVED OXYGEN METER 




. as appl ied In 

WASTEWATER TREATMENT FACILITIES 
and in the 
MOrflTORING OF EFFLUENT WASTEWATERS 



Developed by the 



National Trairfing and Operational Technology Center 
Muni-cip&l Operations and Training Division 
Office of Water Program Operations 
U,S. Environmental Protection Agency 




EFFLUEfjT *10NIT0Ri:iG PROCEDUKE: De^rmination of Di'ssolved Oxygen Using A 

Dissolved Oxygen Meter . 



This process was developed by: 
NAME Charles ^R. Feldmann 

ADDRESS EPA, OliPQ, NTOTC, Cincinnfti ,.Ohio 45268 
POSITION Chemist-Instructor ' ^ 

EDUCATION AND TECHNICAL BACKGROUND 

B.S. - Chemistry ' ^ 

M.S. - Chemistry 

1-1/2 years Industrial Chemist 

4 yeaVs additional Graduate School- 

4 years col lege Chemi stry Instructor 

1-1/2 years DHEW - Air PolJution'Program, Chemist 

10 years DI - EPA, Chemi st- Instructor 
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EFFLUENT MONITORING PROCEDURE,:. Determination 4Df Dissolved Oxygen Using A 

Dissolved Oxygen Meter 

1. Analysis Objectives: • t 

The learner will use the attached EMP to place the Weston and Stack 
Model 300 Dissolved Oxygen Meter into operation /including electrode 
cleaning, membrane installation, calibration, and use of the meter to 
make a dissolved oxygen measurement. 

2. Brief Description of Analysis: < 

The Winkler determination of dissolved oxygen-azide modification is 
siibje(?t to many interferences. In the case of avBODg determination, the 
problem is minimized to soma extent because of sample dilution. If it 
Is felt, however, that appreciable amounts ^f interfering materials a-re 
present, a^issolved oxygen meter should be used. 

3. ,Appl icabil ity of this Procedure: 

At concentrations Yfornal ly found in wastewater ef^^luents, chlorine does 
not affect the dissolved oxyqen probe. Prolonged exposure to higher 
concentrations of| chlonine, and hydrogen "sul fide, will necessitate cleaning 
of the lead anode. Oil and grease will coat the nembrane causing a de- 
crease in sensitivity; the membrane should be replaced in this case. ' 



This procedure was excerpted -from the instruction book supplied with 
the meter^ by the manufacturer-. 



Mention of a particul aK brand riame does not constitute ^endorsement 
by the U.S. Environmental Protection Agency 
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EFFLUENT MOfilTORNJG PROCEDURE: Determination of Dissolved Oxygen Using a 
* ^ Dissolved Oxy^eri^Meter 

General Description of Equipment Used in a Process ' ^ 

A. Capital 

1. 'i/^ston and Stack Model 300 Dissolved Oxygen (DO) Meter with Model 
A-30 Probe, accessory kit and naanuf act^irers instruction book 

2. Stni , or other source of distilled water 

3. Trip, balance, '100 'g. capacity 

B. Reusable 

1. One 100 ml' graduated cylinder 

2. One 2^0 ml Erlenmeyer Flask ^ ^ 

3. One ICO ml gtass stoppered bottle 

.4. One 200 ml plastic bottle \ 

5. One teaspoon 

6. Small blade screwdriver 

7. One 250 ml beaVer 

8. Five ml syringe or eyedropper with tapered end 

9. Small pocket knife 

10.' Fpur 300 ml BOO bottles 

n. Equipment fpr performing a Winkler DO determination-^zide modification, 
3ee the effluent monitoring procedure Winkler Determination of Dissolved 
Oxyaen-Az-ide Modification. 

f 

C. Consumable _ ^ 

1. Potassium iodide, KI, 50 g. 

2. Sodium sulfite, Na^SO-^, 25 g. 

3. Sodium hydroxide, NaOn, 10 g. 
\4. One rubber band 

5. Paper towels 

6. Stlicone lubricant ' , 

7. Source of distilled water \ 

8. One 1 inch long piece of scotch tape • 

9. Reagents for perform.inq a Winkler DO determination-azide modification, 
see the effluent monitorinq procedure Uinkler Determination of Dissolved 
Oxygen-Azide Modification. 

10. , Sodium dichromate, Na^Cr^^y ' * 

11. Concentrated sulfuric acid, H2SO4 / 

12. Soap ' • 

(Items 10, 11, and 12 are for cleaning^ glassware. The quantities 
will therefore vary. ) 

13. Brushes (for cleaning glassware) 

14. Bruslh (for cleaning 'balance) 

*15. Sponges iXpr cleaning of laboratory table tops) 



IP 
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EFFLUENT MONITORING PROCEDURE; DetenJti nation of .Dissolved Oxygen Using a 

' a Dissolved Oxygen-Meter \ 



C. Continued 



All reagents should be of high quality; Different chemical, 
manufacturers may have different ways of indicating a iiigh quality 
reagent. While no endorsement of one chenii(;al manufactur.er over 
another is intended, the following are some designations used in - 
four chemical catajogs to indicate high quality reagents. 

Catalog Designations 

Thomas * , • * Reagent, ACS, Chemically 

^ • Pjjre (CP) 

Matheson, Coleman & ^e>l Reagent, ACS ^ . 

Curtin Matheson Primary Standard, ACS, AR 

Scientific, Inc. * . . 

i 

Eisher ^ \ Certified, ACS 



10 X 
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f^EAR VI Ell .OF METER ' 



r 



0 probe attachmen^ 




_£ r 

\ 










• 

tubes for • 




acce^soVy 


\ 


. ^ storage 


























\ 











temp t^st button * 




pov;er co/d attachfront 
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CIJT-AWAY VIEW OF PROBE, S^IELL .AflD STIRRIfiG-mHAfilSM 



cord to meter 




PROBE- 



anode rim 

thermistor pins in well 
lead coil anode^ 

flange 

^ rtlpftle and 
(seats in thermistor 
pin well ) " 



.Sfirvic€ Jap 
*^ ' "0" rings ' . 



^electrolyte filling 
^scr^w (afid ivasher) ^ 



battery i^x 
long s^:r€W 



spring clip 



platinum cathode 



JHELL 




* • micro, switch 
micro jAvitch actuator arm 



r 



shield (to protect 
membrane) 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



JR-AINIf.'G ■ 
ffilDE NOTES 



A. Equipment- Pr^p^irat ion 
•,T. Glassware , 



2. Balance inspection 



1. Clean all glassware and 
rinse wit^i distilled water. 

1. Check a1|1 balances for 
cleanliness and proper 
' operation. 



V.A.1.1 

(p. 22) 



B. Reagent Preparation 
1 1. Electrolyte 
. solution * 



2. Sodium .hydroxide 
solution . 



3. Sodium sulfite 
sol ution 



1. Weigh BO^g. of potassium 
iodide, KI. 

2. Weigh 0:1 g. of sodium 
sulfite. 

3. Dissolve the two solids in 
loo ml of water. 



4. Store \he electrolyte iji a 
small tottlQ. 

1 . Weigh 10-,g. of sodium 
hydroxide; NaOH. 

2. DissaJve it 1n 90, ml o^ 

* water. ■ / ^ ' 

3. Store the^jlution in a 

smal 1 plastic bottle. ' • 

1. Measure l^easpoon bf sodium 
si>lnte, fla^s'o^. 

2. OissoT^e It in 500 ttiI of. 
tap*w^ter. , , 



3a. UnTess otherwise specifi^ed, the term water 
means, distil led wat^r. , ^ ' 

3b. Unless otherwise specified, Solutions should be 
'stored in glass* stoppered bottles. 



3 

■I 



2a*. Prepare this» solution just prior to .use, 



bt-HUbNI MON ITORING PROCEDURE: Detemi1na"^tion of ifisVolved Oxygen Using a Dissolved Oxygen Meter 



OPERATING PROCEDURES . 



. STEP SEQUENCE 



information'/operating goals/specifications 



TRAINING 
GUIDE NOTES 



C. Equipment Preparation 
■ 1. Battery check - 
Weston and Stack ■ 
Model 300 bissolvec 
Oxygen (DO) Meter 



2. Battery check-DO 
^ probe stirring 
mechanism 



ERIC 



1. Check the power cord attached 
to" the rear of the meter. 



2. Turn the function switct»-4o 
the temperature position/ 

3. While pressing the temp test 
button (left side^of meter), 
adjust the temp adj screw 
(right side .of meter) to 
read 50^C (bottom scale on 
front of meter) . 

4. Turn *the function switch to 
the transit position. 

1. ^ Remove the long screw from 

the top of the battery box. 

2. Remove the top half of the " 
battery box. 

3. Insert -two* size AA 1-1/2 
vClt batteries (provided.»with 
the instrument) into the 
battery box. 

4. Place the top oa the battery 
^ box: 

5. ^ I Insert the long ipew into ' 

the top of the battery box. * 

6. Screw *it down. 

7. Using your finger, c^ose the 
nfficro switch actuator ^fm on 
the side of ttie probe. 



la. The meter is'^portable and the cord should be 
plugged in to recharge the nickel cadmium 
battery during storage periods. 



3a. One should be upright, the other upside down. 



4a. Note that ±here is a tip and a hole on the bottom 

of the top half of the battery b*)x. These fit in- 

•to a hoi J and a tip on the top of the ^ottom half 
of the battery box. 



7a: T^^e-probe stirring mechanism will start. 
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OPERATING PROCEDURES 



STEP SE(?{JEt,CE 



INFORriATISfi/OPERATING GOALS/SPECJFICATICNS 



TRAINING 
GUIDE r;OTES 



2. Continued 



3. Cathode check -/o 
probe 



4. Anode^heck-DO 
• probfl 



hi': 



8, Loosen l^e long screw. 

9. Raise/the top half of the 
battery box aboyt half inch, 

/ap a rubber band around 
he battery box. V 




1. ^Unfasten the* spring clip and 
^ rerrove the probe from the 

shell. , ' '/ 

2. " Examine the pT;at/num cathode 

at the end of thie [>robe.y^ 

1 . 'Remove the t^^vice cap /on 
top of the probe. 

2. Examine the two bla^;'k "0" ^ 
rings.^ 

3. todifthe two "0" rings with 

a very thin Vayer of silicone 
lubricant.* 

r 

4. Invert the prgbe oyer a 
table top.' 



10a. The rubber band should be placed in such a way 
that the two halves of the battery box are kept 
apart. 

10b. This will keep the stirring mechanism from 
operating when the probe isnot in use. 

lOc. Do not remove the rubber band and tighten the 
long screw until the meter is to be caVibrated 
or measurements are to be made. 



2a^. It should be free of dirt. 

2b'.'I/ it is not, v;1pe it briskly with^a paper towel, 
• or coarse p'fece of cloffi. ' • 



2a. They should be free of dirt. 



4a. The lead coil anode should drop out. 
4b.* If it does not^ tap the probe lightly on the table 
top. 



■n 
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EPaOENT MONITORING PROCEDURE: Detennination of Dissolved Oxygen Using a Dissolved Oxygen Meter 



OPERATING PROCEDURES 



4/ Continued 



5. Therm'istor contact' 
gheck 



^' 111 
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STEP SEQUENCE 

- y — ^ 

5. Examine the anode. 



6. If corrpsion is preserTt,' soak 
the enode In the sodium 
hydroxjde solutiofi. 

7. Rirv^e the anode thorough-ly 
with tap Water. 

8. Ri.nse the anode*thorouahiy 
. wit>i di^'j^illed water. ' 

9. Examine^" the 'r.im, insicfe of 
the probe, on. which tne . 
anode 'sits. / . , , ' 

10. If cocrosicTn is pr^esent, 
scr»ape it iiway using^the 
. blade of ^ sma>l ' screwdriver . 

ns^e the rim»«end interior 'of 
the protre^ thoroughly witN'tap, 
water and ther^ v/jth distilled 
water: 

1 . Invert the probe! 

2. Exan^ine tjae two thernii^stpr ^ 
pins in the small we 1*1 . 



3. Examine the "Q" ring around 
the mpj^^le ,whi*ch seats in the 
thermistor pin well , 



T 



INFW^MATIOrVOPERATING GOALS/SPECIFICATI'GNS 



'•5a. 



6a. 

6b. 



/ 

It should be free of dirt' and carrosion. Yellow 
colored corrpsion- is cornnon. 

A few mijfutes soaking should suffice." 

Very milqlite 'amoL(nts of corrosion will not ' r 

cause problems. * . ' , ^ 



9a'. 



10a. 



It should^be 'free qf dirt ancj corrosion, Yejlow 
co-Jored corrosion is common. »' . * ',. 



/\-swab dipped in the -sodium jh^droxjdfe solution 
will also remove the corrosion. 



2a. 
2b. 



They should be free of-dirt and corrosion. • 
If" theyare corroded, genfly scrape then, using 
the blade of .a small scrfewdr^iver . . 



3a. it s-h9^1'd be free of dirt. 



TRAINING - 
GUIDE NOTES 
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OPE,RATIN& J3R0CEPURES- 



5. Corftinued 



6. Memtirane 
insta-,! lation 
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STEP SEQUENCE 



4. foat it with a ^very thir> 
layer of silicone lubncaij^. 

1. Select a l^mil -fnembrane ; ' ' 
(f urni shed withr the 
instrument) 

2. Examine it in bright 'li^ht 
for holes. 

3. Hold the probe upside down. 

4. Lay the square membrane over 
the platinum cathode. 

'5. Fold the membrane back over 
the ^robe. 

6. Loop a small ^rubber band 
(furnished with t;he instru- 
ment) around the probe-three 
times just above the flange. 

7. Gently pull on the ^oose 
edges of the membrane. 



8. .Place a short piece of scotch 
tape ov<€r the well contarmng 
the two thermistor pins. 

9. -Remove the electrolyte fill-'' 
^ T[)g scr:ew and washer. * ' 

10. Hold the probe in a vortical 
position, with A finger tip 

held Q^er the elee^tralyte 
-fi 1 1 inq- wel 1 , ^ 



la. A mil is 0.001 inch. 

lb. One-half mil n]embranes are softietimes used. They 
respond faster, but are mor* fragile. 

/ 2j.^ If -any are seen, 'discard the membrane. 



4a. 'The cathode shouTd be in the center of the square, 



INFORM/VTION/OPETRATING GOALS/SPEC IFICATiGNS 



6a. The rubber ^and should hold the mefnbrane snugly, 
but not^too tightly. ' - J 

6b. Two turn^ of the* rubber band-may suffice in some 
cases. 

^a. There' should be no folds in the membrane Qve;^ thet 
platinum cathode.'' , c 

7b. The pulling should not, however^ cause tearing 
of the membrane. 

8a. This will prevent' moisture from getting^into, ^hg 
thermistor pin well while the probe is being 
• fill^cj with electrolyte. 



10a. The cithode snould ppint down. 



' TPAINIfo 
GUIDE :;CTES 
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EFFLUENT MONITORING PROCEDURE : Determination, of Dissolved. Oxygen Using a Dissolved Oxygen Meter 



OPERATING' PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAIIilING 
GUIDE TJOTES 



6. Continued 
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11. Pour electrolyte solution 
Into the service cap opening 

12. With a twisting motion, si i^e 
the rubber band and membraTO^ 
down about 1/2 inch. 

13. With a similar motion, slide 
the rubber bamd and membrane 
back up to original 
position. 

14. loop a second rubber band 
round the membrane about 
alf-way between the first 

rubber band tfnd the two 
holes near the platinum 
cathode. 



11a. Fill the probe interior almost to the top. 



12a. The pocket 'formed by the membrane will fill with 
electrolyte. - 



13a. 

14a. 
14b. 
14c. 
14d. 



15. * Carefully drop the lead anode 
into place. 

4 ' ' 

16. Screw in the service cap 
about "hal f-way. 

17. Hold the .probe in a hori- 
' zontal direction, electrolyte 

filling hole up. 

18. Remove the finger tip from 
the electrolyte' filling well. 

19. Using a syringe or eyedropper 
with a tapered end-, add 
additional electrolyte 
, through the filling hole. 



There should be no wrinkles in the part of the 
membrane lying across the platinum cathode. 



Wrap the rubber band as tightly as possible, bne 
turn next to another. 

There should still be no wrinkles in the flart of 
.the membrane lying, across the platinum cathode. 
It may be awkward to keep a finger tip oVer the 
electrolyte filling well. 
No prbblem is created if some ej^trolyte is 
lost, it will be replaced later.' 



/ ^ 



18a. Some electrolyte will probably run out. 



19a. Gently rock the probe back and forth after each 
addit'fon so as to dislodge air bubbles. 

1%. Tap the sides of the probe with a pen or pencil 
to ensure bubble escape. 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATfON/OPERATING GQALS/SPECIFlCATIONS- 



TRAINING 
GUIDE NOTES 



-V 



6. Continued 
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^O.'-Tighten the service cap. 

21. Check for compleffeness of 
electrolyte fil 1 ing. 

22. Replace the electrolyte 
filling screw and washer. 

23. Ensure that no air bubbles 
have formed under the mem^ 
brane covering' the platinum 
cathode. 

24. Cut the membrane around the 
probe between the two rubber 
bands. 

25. Cut away the first rubber 
band. 

26. Remove the excess membrane. ^ ■ 

27. Carefully rinse the outside 
of the probe and membrane 
with water. 

28. Gently shake off the water. 

29. Remove the piece of tape 
covering tlie the/7nistor pin 
wel 1 . 

30. Car^i^lly place the probe 
back in the shel 1 . 

?1. Place the probe in a 300 ml 
BOD bottle full of water. 



23a. If there are any, the membrane should be removed 
and reinstalled. 



30a. Be cautious not to tear the'Tn^mbrane. 

30b. M^ke sure the sprirtg clip is pVoperly closed. 
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(ITERATING PROCEDURES 



6. Confinued 



7. *D0 meter zeroing 
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St&f SEQUENCE 



32'. Witn your eyes the same 
.level as -the end of the 
probe, look carefully at the 
end of the pr:obe for about 
one minute. * \, ^ 

1. Attach the DO, probe to the. 
DO meter. 



2. Rinse the outside of the 
sKel 1 with water. ' 

3. Place t-he probe in a 300 ml 
^OD bottle filled with 
suj/ite^solutiorr. 

^ Allow it 'to stand for 
10 minutes. 

5. Remove the rubber band from 
the stirring mechanism* 
battery box. 

6. - Screw down ttje long screw 

in the top of the battery 
box. 

Wait two minutes. 

^. Turn the on off/cl^ toggle 
switch to the on position* 

9: Turn the fultction switch 
to the HI mg/liter position., 

0. When the needle reacts 1 .*5 on 
the top scale, turn the func- 
tion switch to the LO^mg/^iter 
. position. ^ 



INFORMATION/OPERATING GOAlk/SPECIFICATIONS 



32a 



la, 



2a. 



I^f there are any holes in ttie^membrane the 
^leaking electrolyte will be seen in the water, 
ana the membrane Inust be replaced. 



A pliers may be used to ^ure a snug fit, but 
be careful not to damage the knurls on' the 
locking collar. j 

.get ^ater on the micro switch of the 



-D^ not .g 



rring mechanism. 



6a. 



9a. 
lOa. 



The stirrirtq niechanism should start since the 
flared. top of the BOD bOttlje closes the micro 
switch actuator arm. 



The needle on the fneter face-will move to the 
right and then slowly drift to the left. 

The needje should continue to drift to the left. 
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GUIDE NOTES 
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OPERATING PROCEDURES 



STEP SEQUENCE- 



iiLE note: 



7r Continued 



8. 00 meter 
calibration 

erJc .1 




Tl. Wait one additional rrinute. 

12. Depress the zero check toggle 
switch and turn t^ zero 
screw (bottom front of the 
instruppnt) until the needle 
reads 0 on the middle scale 
of the meter. 

13. Turn "the on off/chg toggle 
switch to the off/chg 
POST tion. 

Turn the function switch 
to the transit posiiion. 

5r Loosen the long screw and 
raise the top half of the 
battery box . 



16 Replace tne r^nber band which 
separates tt>f^wo hal ves of 
the battery box . 

17. Remove the probe from the 
BOD bottle. 

18. Rinse 4iff the bottom of the 
probe thorftughly. 

<■ 

19 . Ptdce the- probe in a BOD 
bottle f4l Ipd v^Uh water. 

Pill two 3Q0 ml BOD bottles 
to overflowir-g with distilled 
water 



12a. 



After releasing the toggle switch the needle 
may^slowly drift towitrd a "true" zero. 



13a. 



14a, 



In the off/chg position, the mckle cadmiun^ 
battery is charging when the power cord is 
attached . 



For the remainder of this EMP, this procedure 
will be referred to as turning the stirring 
mechanism off. Lowering tNe top half of the 
battery bO)< and tightening the lono^ screw wil 
be referred, to a5 turning the stir/ing m&chanism 
on. 



17a. 
17b. 



18a, 



la. 



Be cautious not to get the micro switch wet. 
An traces of tfie sulfite solution must^be 
removed. 

To'>feveht the membrane from drying out, always 
keep the probe in waten when not in use. 

It is essential that the two samples be identical 
in oxygen content 
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Of^ERATIfJG PROCEDURES 



8. Continued 
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STEP^SEQU&i^CE 



2. DeterfTiine the DO 'of one of 
the bottle^^ 

3. Remove the probe from the BOD 
bottle containing the water. 

4. Rinse t^\e end of the probe ' 
'with distilled water. 

'6. Place th^^ probe in the second 
BOD bottU filled with dfs- 
tiljied watV. 

6. Turn the on\ off/chg toggle 
switch to the on position. 

7. Turn the stirring inechSnism 
on. 

8. Turn the function switch to 
the HI mg/1 iter' ppsitlon. 

9. Wait about two minutes. 



INFORMATIOrf/Ci|RATING GOALS/SPECIFICATIONS 



10. Turn the cal screw (bpttom 
'ront of the m^'ter) until* the 
needle reads (on the upper 
scale) thfe same DO value as 
wa:i obtained from the 
Winkler titration. 

11. Turn the stirring mechanism 
Off. 



2a. Use the WinkUr Method-Azide Modification. ' V 

• 



TRAINING 
GUIDE NOTES 



9a. Because the slower responding 1 mil membrane is 
being used, about two minutes should be required 
for the needle reading to stabilize., 

9b.*With some meters, exper^nce may indicate that ^ 
shorter waiting p^riod'will suffice. 
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^OPERATING PROCEPyRES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPEC I FICAtlOf-JS 



TRAINIf^G 
GUIDE NOTES 



8. Continued 
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12. Ty'^n the on off/chg toggle 
swi tch to the off/chg 
position. ^ • 

13. Turn the function switch 
to the transit position. 



13a. There js no firm rule about how often to zero* 
and calibrate the Weston and Stack Model 300 
DO meter. f ^ * \ 

13b. A conservati^ve estimate would be to do the ' 
calibration daily, and the zeroing every othef- 
day 'in times .of frequent hse, 

13c. Both steps, should be performed if the neter has 
, not been used for several -days^. > * 

13d. After installation of a new membrane, the 

y calibration changes markedly during the first 
24 hours, and frequent calibrations are needed 
;luring'this period. 



14. Place the probe back ^n the 
BOD bottle of distilled 
water. The membrane should 
always t^e kept wet' when not 
in use. 



■1 v. ' 
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TRAINING GUIDE . 
I 

SECTION ' ' TOPIC 

I • Introduction 

II' , Educational Concepts - Mathematics 

III . Educational Concepts Science . 

IV Educational Concepts - Connunlcations 

V* ' Field & taboratory Equ^ipment . 

VI ' Field & Laboratory Reagents f 

VII ' , Field & Laboratory Analysis 

VIII , . Safety 

IX < Records & Reports 



*Train*ing guide materials are presented here under the h^ading^: mr^^-i ^ 



,' . , Page No. 4-21 



EFFLbtHT MOrUTORING PROCEDUPE : Detemi nation of Dissolved Oxygen Using a" . 

Di ssol ved^O/ygen N:eter 



Section V 



'EFEPlmCES/RESC'J' 



If the glassware i: et;:e:'^^ ;/ dirty ds-^ c^'inc: be. 
cleaned with crd^-^.^ry de:c»''_^,e^LS, chromic acid 
cleaning r-ay be r:::^j:rer. 

1/ Pour 35 n1 cf c^str^ei r%ater m a ^] Leaker. 

2. Add about 1/£ teaspoc^ f^^V^ly est^'^ate this 
quantity) c"' so:'." ate, "-.^^ 

to the v.ater. 

3. S'.,irl t'^e ^^t'"'* ^""^u"" ' : '-.^ ' p * c 
has ::so^ .e:. 

4. Keeo receat^-i I : .-^^^ 



IJth Standard ^-'ethc:: 
p. .135, section 2.c.: 



5. Poj^ t'^e sc'.tiC' 



e. Sic..: / e:j^ 



La'. 



7 . St^ ^ t"^. 



J re c*ea''^^': 



01 ?"cj: 




:»t^rc 



cle. nr^ so' .t' ' 

12, nic It to - 

13. f^ci.'- thf' c V ' ' ^ ' 
bottle 

1^. Rinse f'^e o:^oc 
ta' .'/^. ter. 

15. ■^'^e ol^'j!^''^^ 
tur ^jre*.^ . 

16, It SI ^ J 1 ' V ■ ' ' 



1 0 r, . 
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A PROXOTYPE FOR DEVELOPMENT OF ' 

ROUTINE OPERATIONAL PROCEDURES ^ 

fdr'\he 

DETERMINATION OF DISSOLVED OXYGEN IN 
WASTEWATER: POLAROGRAPHIC PROBE METHOD 



I 




^ as applied in 

WASTEWATER TREATMENT FACILITIES 
^ and in the 

- MONITORING OF EFFLUENT WASTEWATERS 



Developed by the 

National Training and^perational Technology Center 
Municipal Operations and Training Division 
' Office of Water Program Operations 
U,S, Environmental Protection Agency 
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EFFLUENT nu:iITURING PROCHDURE: Determination of Dissolved Oxygen: 

Polarographic Probe Method (YSI Model 
54 Oxygen Meter) 



This instructional sequence was prepared by: 

(- 

NAME Paul F. Hall bach 

ADDRESS EPA, QUPQ, NTOTc", Cincinnati, Ohio 45268 

POSITION Chemist-Instructor 

EDUCATION & TECHNICAL BACKGROUND 
BS - Chemistry 
14 years Industrial Chemist 
16 y^ars HEW-FWPCA-EPA-Chemist 
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EFFLUENT MONITORING PROCEDURE 



♦1 . Analysis Objectives: 



Determination of Dissolved Oxygen: 
Polarographic Probe Method (YSI Model 
54 Oxygen Meter) 



The operator will be able to set up, calibrate and use a YSI oxygen 
meter for *the determinatior of dissolved oxygen in a sample of waste-y 
water treatment^ plant effluent. ^ ^ 

2. Brief Description of Analysis*: 

The meter is" s^t up and ca'librated and the polarographic probe is 
inserted into the appropriate sample. A reading is obtained from the 
meter which correlates the dissalved oxygen concentVation in the 
safriple. 



*Standard Methods for the Fxamination of Water and Wastewater, 14th Ed., 
1975. 'APHA, Washington, DC, p. 450 
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EFFLUENT MONITORIf<G PROCEDURE; Determination of Dissolved Oxygen: ^ 

Polarographic Probe Method (YSI Model 
54 Oxygen Meter) ^ 

General Description of Equipment Used in the Process 

/i. (Japital Equipment- " • 

1. Dissolved oxygen meter and polarographic probe assembly - Yellow ^/ 
Springs Instrument Company 

B. Reusable 

1. B.p.D. bottle (300 ml) ' 

2. One plastic squeeze bottle 

3. Eyedropper bottle - • ^ 

4. Scissors . 

5. Small screwdriver \ " ^ ' 
\. Consumable \ * 

StdffS^rd membranes (0,001" - YSI #53^) 
2. Probe Service KiJ: (YSI #5034) ' . » 



ERJC 
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OPERATING PROCEDURES 
1^ 



STEP SEQUENCE 



INFORMATfON/OPERATING GOALS/SPECIFICATIONS 




A. Probe P/^eparation 




1. Add distilled water to the 
KCl crystals and dissolve 
completely. 

Trans^fer a part of tf^, KCl 
solution to the eyedroppen 
bottle. 

5. Remo,ve the i^rotectl ve'mem- 
^ brane and "0". ring. 



• 4. 



Select; a membrane fromjthe- 
memtrane packet. 



» 



Js 



5. Support the nrobe" in a , 
' , vertical position. , 

6. With one thumb secure one 
end of 'the membrane to the 
side of the probe. * 

7. With th^ eyedropper,^ fill 
the central hole avoiding - 
air bubbles. *' 

8; -Wet the'gold electrode 
and the lucite aroun^d tt. 



it 



K 



la. KCl crystals included in YSI Probe Service Ki1 
(Part no. 5034) a saturated KCl solution diluted 
1:1 with distilled water sKould'be used. 



4a. L^y on a clean sheet of paper. Handle, only by 

the ends. ^ *^ 

4b. Use on-ly YSI recommended mpbranes and filling 
solution. Distilled wa,ter must be. usecj in 
making the KCl solution. Tap water contains 
iron and other salts that result in poor , 
^lectrode performance ^nd ^wi 11 contaminate 
^ the electrodes and result in short life/ 



le sur^i/fe* tension of ttie KCl will cause^ a 
large drop or -meniscus to form above .the « 
electrode. Th-is- will ensure complete c;ont5(ct 
between the membrane and the' KCl. 



13 



( 




IFFLUENT MONITORING PROCEDURE : ^Determinati(|^ of Dissolved Oxygen in Wastewater/ Polarographic Probe Method 



OPERATIfJG PROCEBt^RES 



STEP SEQUENCE 



INFORMATION/OPERATING G(^LS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



A. Continued 



9. Str'etcti the membrane over 
the top of the electrode. 

10. Stretch an "0'' ring into 
place — inspect for wrinkle- 
free membrane. 

11. " Remove the excess membrane 

about beyond wthe. ''0" 
ring with scissors. . 

1;^. A srnall air bubble may 
appear under the membrane! 



I 



10a* A taut smooth membrane surface 1s required. A 
lax membrane will result in erratic performance, 
slow speed of response and poor shock performance. 



12a. This is normal, however, strive for a bubble-free 
. probe. ^lew probes, or prjobes'' that have been 
a.llowed*to dry out, will continue to develop 
bubbles until the porous anode is completely 
filled. 



13. After the air has been 
driven from the anode, . - 
remove the membrane, refill 
with KCl, and install 

. , another membrane. m 

14. Rinse probe with distilled 
water. 

15. The probe is ready for 
• operation. 




B. 'Qal i^bration 



i38 



'1. Connect the two probe plugs 
to the jacks on the ^Ide of 
>' the instrument. 
/ 

2. With the instrument turned 
^ff check the mechanical 
zero of the meter— pointer^' 
.should indicate zeror- \ 



2a. Adjust with tihe screw on the meter case. Recheck 
when the position of instrument is changed. > 
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OPERATING PROCEDURES 



B. Continue 



STEP SEQUENCE 



3. Switch to the RED LINE 
position and adjus|# the 
meter to red line vfjth the 
front panel control . 

4. Place the probe in the BOD 
bottle containing a water 
sample of known dissolved 

^ oxygen content. 

5. Turn the ^tirring mechanism 
switch on. 

6. Switch to the TEMP position 
and read the temperature 
when the meter is steady. 

7. Switch to the ZERO position 
and ad^st the meter to zero 
with the ZERO control . 

^. Switch to the 0-10 ppm 
positiqn and calibrate the 
instrument with the GAL 
control 

9*. Turn-off the stirring 

mechanism and the instrument 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



4aL Samples of known oxygen concentration can be Ob- 
) tained by analyzing a duplicate sample by the , 
A Winkler Titration Method. 



8a. Calibration and measurement ''shoul d be carried out 
on the same range to avoid compounding meter 
tolerance err.or. 



GJICE NOTES 



C. Dissolved Oxygen 
Measurement 



140, 



'1 . Place the probe in the BOD 
bottle containing tl>e un- 
kjiov/n sample. 

2, Turn on the stirring mechan- 
ism and the ■nstru'^ent. 
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E>HUENT MONITORING. PROCEDURE : Determination of Dissolved Oxygen in Wastewater: Polarographic Probe Method 



OPERATING PROCEDURES 



C. Continued 



ERIC 
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STEP SEQUENCE 



3, Switch to the 0-10 ppm 
posl-tion- and read the 
dissolved oxygen concen- 
tration obtained, 

4. Ttnrn off the stirring 
mechanism and tfte instrument. 



INFORMATION/OPERATING GOALS/SPECIFICA.TICuS 



TRAIiiLNG 
GUIDI NOTES 
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A PROTOTYPE- FOR QEVELOPMPNT OF • 
'ROUTINE OPEmiONAOROCEDURES 

for the 



pH DETERMINATION ORf WASTEWATER AND WASTEWATER TREATMENT 
PLANT EFFLUEN"FS 



WASTEWATER TREATMENT FACILITIES 
and in the 
MONITORING OF EFFLUENT WASTEWATERS 



Developed by the 



National Training and Operational Technology Center 
Munu;ipal Operations and Training Division 
(nHce of Water Program Operations 
l). S. Envi ronmental Protection Aqencv 




as applied in 



I 



77 
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EFFLUENT MONITORING PROCEDURE: Measurement of pH 
This instructional sequence was developed by: 
NAME Paul F. Hall bach 

ADDRESS . EPA, pWPO, NTOTC, Cincitinati, Ohio 45268 
POSITION Chemist Instructor ^'^-^S* 
EDUCATION AND TECHNICAL BACKGROUND 
B.S. Chemistry 
14 years Industrial Chemist 
16 years HEW-FWPCA-EPA-Chemist 
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EFFLUENT MONITORING PROCEDURE: Measurement of pH 

^ 1, Analysis Objectives: 

WWTP operator will set up, calibrate and operate portable type pH meter for*'the 
pH measurement of wastewater and WWTP effluent. 

2. BriefAj)escript1on of Analysis* 

* 

A portable 'type, battery operated pH meter, equipped with a glass electrode 
system is used to measure the pH of wastewater treatment plant samples. 

3. Applicability of this Procedure: 

a. Range of concentrations: 
pH scale 0-14 

b. Pretreatment of Sample: ^ ^ 
None 

c. Treatment of interferences in samples: 
■ None 



♦standard Methods for the Examination of Water and Wastewater, 1' 
Washington, D.C., p. '460 ' 



14th Ed. , 1975, APHA, 
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EFFLUENT MONITORING PROCEDURE: Measurement of pH 
General Description of Equipment Used in the Process 

A. Capital Equipment ^ • • 
1. pH Meter IL Model 175 PORTO-matic* 

The IL Model 175 PORTO-mat'ic pH meter is a small, solid state, battery 
operated, portable instrument for the measurement of the pH -of aqueous 
solutions. Manufacty^rer 's Specifications are as follows: 

pH range: 0-14 

pH Scale: ' 7.2", 1/2% zero centered 
ft 

Readability: 0.01 pH 

Electrical Accuracy: better than 0.035 pH 
Drift per Day: less than 0.01 pH 
Battery Life: 2000 hours 

B. Reusable 

1 . Wash bottle, plastic 
i2. Beakers, 250 ml, 150 ml, 25 ml 

C. Consumable 

1. Buffer Solution pH 4 

2. Buffer Solution pH 9 ^ 

3. Buffer Solution pH 6.9 * • 

4. Buffer Solution pH 7.4 

5. Saturated KCl Solution 



♦Mention of a specific bntnd^name does not'constitute ehdorsement by the 
U.S. Environmental Protection Agengy 
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EQUIPMENT - PORTO-MATIC pH METER 
OPERATING CONT ROLS FRONT PANEL, 175 PORTO-MA TIC p.H METER 




FIGURE 1 



REAR PANEL, 175 PORTO-MATIC pH METER 

SPRING CLIP pH ELECTRODE 




PLASTIC 
■ CASE 



- FIGURE 2- 
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EFFLUENT MONITORING PROCgPURE : pH Det^nni nation -of Wac;tew;^tPr And 

, » , Wastewater Treatment Plant Effluents 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING *GOALS/SPECPF^ CATIONS 



Tf>Air;i:^3* 

<3liIDE NOTES 



A."^ In^rument S.etup 



l.'PVa'ce pH nieter on solid 
SDrface. f 



2. Reraove e^ctrode from rea^tt**' 
* parlel. ^ 



r 



3*. Twist the caj). at the 

of^he electrode to alijjrrr"' 
the fi 1 1 ing holes . 

4, Check th^leveVand s^tura-^ 
* tfon jDf tfi^ KGl solution in 
r the reference ch^ber /)f the 
electrode. 



See Fig. 2. 
botteg^^J See Fig. 2.' 



I. A 

(h 13) 



m 

trace Tfi' a 



Place ttie electrode Tfi' a^ 
^ ml beaker containing 
^-ml of di5.tilVed Water. 

6. Turn ON/OSPF swftcli''on. 




B. Met^jj^ Cal ibration 



,5 



1. Seftenjperature compensation 
krjob to correspond tiD tem- 
.peiwture of-*biifffer solution 
^^J, to be used for calibration. 

Transfer 50 m> of pH 6.9 
buffer solution. into a 
^ clean 150 fgl Beaker. , 

3. Turn meter switch "off" 



Previously prepared standard buffer solution pH 
76.9 should'be used! Buffer solutions can be pre- 
pared from the formulas shown in th^ttached 
table. 



3a. Meter should.be "off" when elettrode is rfut'df 
solution. 



C7 
(pT-15) 



4 
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EFFLUENT MQNITQRIJj'G PROCEDURE : pH Determination of Wastewater and 

' [ Wastewater Treatment Plant Eff-luents 



,OPERATLNG PROCEDURES 

' 4 



ERIC 
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STEP' SEQUENCE 



4. -Rinse the electrode with " 
^ buffer solution and immerse 
it in'the beaker containirrg 
the pH 6.9' buffeV. 

^. Turn meter on. 

^6. Adjust. the needle on the 

met^r to read 6.9 by turning 
/ the balance knob clockwise 
or counter-clockwise. 

7. Turn the power 'switch cjff. 

8. Repeat calibration wii 
buffer pH ^4 ■ - 

9. Remove the electrode from 
the buffer and rfnse the 

*^ electrode threes tii|tes with 
distilled water. * ^ 

10. Add d.istilled w^ter to cap. 

11. Twist, the cap on the' bottom 
of- ther electrode so that the 

y f1]1ing -hples are closed 
, and water surrounds tHe 
gfass membr^ane. 

1 2. ^.Discard' buffed solution. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



4a. '^Do not allow bubbles to collect around the 
ceramil function of the referenc^e chamber. 



6at. All'jo^ adequate time fo-r the glass electrode-to 
come into-^pq^fil ibrium with-^t^he sample (approxi- 
mate>y '30 seconds) . , - \ 



9a, Use, a squeeze t^pe wash bottle. 



11a. The pH sensitive membrane dehydrates- when removed 
from water, '^Dry glass electrodes should be soaked 
in" buffer or water for several *hours before use. 



12a. Never pour4ised buffer solution back Into buffer 
bottle. 



RAif;i:G 

'GUIDE NOTES 



VIIJ 
(p. 15) 
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wastewater Treatment- Plant Effluents 



OPERATING PROCEDURES' 



C' Use of Irrstri/ment for 
pH nveasurement* 



STEP SEQUEN'CE 



\, Adjust temperature comgen- * 
sation knob to the tenpera- ' 
ture of the unknown' solution 

2. Twist open the electrode cap 

3. Immerse the electrode into 
the unknown. 

4. Turn the power switch on. 

5. AUow ade^i^ua^ time for the* 
glass electrode to come into 
equilibrium with the sample 
(approximately 30 secoj^s). 

6. Determine pR of unknown • 
solution by observation, of 
meter needle*on pH ^cale 

^ of instrument. - ^ 

7. Enter the result on the 
appropriate report form 
Record yx)ur value to t^ie 
nedrest D. 1 pH unit, 

8. Turn off instrument. 

, 9. Rinse the electrode with 
d^' stilled water . ' 

lo!' Add water o-r b^/ffer to cep 
prior to 'closing to prevent 
dehydratu)n of electrode. 

1 1 CI ose the cap of the 
electrode. 




IN'F^GRy.ATION/OPERATING GO/iLS/SPECIFrCATICNS 



5a. Do not allow bubbles to collect around the 
ceramic junctioi^.of the reference chamber. 



5a. 5wirl probe several times before taking rea(jing. 

5b. Take reading with mirror reflection of needle 
' obscured by needl%. 



'RArri:,' 
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EFFLUENT MONITORING PROCEDURE : pH Determination of Wastewater and 

^ Wastewater Treatment Plant Effluents 



OPEPvATING PROCEfiliRES 



STEP S'^UENCE 



INFORf^lATION/OPERATING GQ-ALS/SPECIFICATIONS. 



'"TRAi:;iNG 

GUIDE NOTES 



D. Maintenance 



2^ 



1. Check th^' tev^l and satura- 
tion of 'Potassium chlori'de-' 
-in the reference chamber of 
electrode. # 

2. Keep the glass membrane wet 
with di'Stilled water when 
not being used. 

3. Do not contaminate standard 
buffer solution; / 

4. Turn the instrument off 
when not in use. 



la. The reference chamber of the pH electrode system 
should always be kept "nearly full with saturated 
potassium chloride'sOlution. 



VII. D 

(p. 



4a. The pH meter is & Battery-operated instrumen'U^ 



E . Troubl e Shotting 



1. Erratic needle movement: - 

a. Fil 1 the measuring 
chamber completely 

b. Soak the external surface 
of the -ceramic plug in 
warm water. 

c. Resaturate the reference ' 
, chamber. * - 

2. No instrumental response 
when measurejnent is* taken. 



la. Erratic needle mo v ement: 

4 

Can be caused i>y bubtiles around tf>€' ceramic 
reference junction. <. ^ 

^ Can be^ caused by contamina'tlon or salt 

crysteil 1 iz^tion of the reference ceramic 
^g. 

Can be caused by unsaturation df the reference 
chamber. 

2a. Exchange electrode or electrodes with new 

. electrodes. 
2b. If porous plug of elec^:rode is clogged, take 

appropriate action- to clean. See electrode 

specification sheet. 
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EFFLUENT MONITORING PROCEDURE: pH Deternination of Wastewater and 

Wastewater Treatnen^ Plant Effluents 

SECTIOfl TOPIC 

' * I* Introduction 

II ' Educational Concepts - flathematics 

III ^* Educational Concepts - Science 

^ IV Educational ' Concepts - Comnunications 

V * ' Field and Laboratory Eauipment 

VI • ^ FieTd and Laboratory Reagents 

VII* Field and Laboratory Analys^is 

VIII Safety 

IX Records and f^eports 




\ 



*TrawiinQ guide materia,! s are presented" he^e under the heading marjj^*. 
These standardized headings sre used throuqhout this series of prwedures. 




\ 
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EFF LUF.nf MONITO PING PRPCFDURE : pH Determination of Wastewater and 

Wastewater Treatment PI ant Iff! uents 



SECTION I 



TRAINING GUIDE flOTE 



REFERENCES/RESOURCES 



Introduction 

1 . pH General Considerations 

pH is a term used to describe the in- 
tensity of the acid or alkaline t:ondition 
of a solution. The concept of pH evolved 
from a series of developments that led to 
' a ful'ler understanding of acids and alka- 
^|line solutions (bases). Acids and bases 
-were originally distinguishetl by their 
difference in physical characteristics 
(acids-sour, bases-soapy feel)\ 'In the 
. 18th century it wa^ recognized that acids* 
•'have a sour taste (vinegar-acetic^ acid ) , 
that the^ react with* 1 imestone with the . 
1 iberation'of a gas^eoits substance (caisbojh 
dioxide) and that neutral substances . 
result from their interaction with aVka- 
line solutions.. 

Acids are also described as compounds 
that yield hydrogen ions when dissolved 
in water. And that bases yield hydroxide 
ions wh^n dissolved in water. The pro- 
^'cess of neutralization is then considered 
to be the union of hydrogen ^(H''") ions and 
hydroxy! (0H~) ions, to form neutral' wa.ter' 
(H+ ^ OH ►H^O). ^ 

It has been* determined that there are 
1/10,000,000 grams of hydrogen ions and 
ly/fOjOOOjOOO grams of hydroxyl ions inon€ 
♦liter of pure water. The product of th& 
H"*" and OH" ion^ equal a constc^nt va^lue. 
Therefore, if the concentration of the H''" 
ions is increase?! there is ^ corresponding 
* decrease in OH" ionsr-^The^ acidity or 
alkalinity, hydrogen ion concentration 
of a solution is given in t^rms'of pH. 
The pH scale extends from 0 to^l4 with 
the neiiii^l point at 7.0. 



Nebergall, W. H. , Schmidt, F. C. -and 
Holtzclaw, Jr., HF., College Chem., 
2nd Ed. He^th & Co., Bostx)n, 1963* 



fl 
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EPFLULtiT MOMITOP Kir, PROLLDUPr: pH Determination of Was'tewater and 

Wastewater Treatment Plant Effluents 




tpaim:;:. guide ::ot[ 



REFERCNCES/RESOUPCES 



2. Electrode Desi^ 

About 1925 it was discovered that an 
electrode could be constructed of glass 
^ which would develop a potential related 
to the hy<irogen-i^n concentration w.ith- 
out interference from most other ions. 
The glass pH electrode is the nearest 
approach to a universal pH iPKifcat^r 
known at pfesent. It works on the 
principle of establishing a p(5^tential 
across a pH sensitive, gl ass( membran^^ 
whose rragnitude is proportional to tfie 
difference in pH of the solution 
separated by this membrane. 

All glass pH indicating electrodes have 
a sirri lar. bas ic design. Cor>tained on 
one side of cin appropriate glass membrane 
is a solution of constant pH. In contact 
with the other side' of this pH sensitive 
glass is the solution of unknown pH. 
Between the surfaces of the glass mem-' 
brane, a potential is established which 
-IS proportional to the pH difference of 
these solutions. As the pH of one 
solution is constant, this developed 
potential is a measure of the pH of 
the other. ^ 

To measure this potential, a half-celh' 
is introduced into both the constant, 
internal solution ^nd into the unknown, 
external solution. The^e half-cells are 
in turn connected to your pH meter, 
internal reversible half-cell sea' 
^ within the chamber of constant pH 
almost exclusively a wire of silvei^- 
silver chloride. The external re- 
vers'ibl^ half-cell is often silvpr- 
silver chloride. If both the internal 
'and external *el ectrodes are combined'in^ 
a common pH measuring device, the 
electrode is a combination pH 



Sawyer C.N. , and McCarty, P.L. 
Chem. for San. Eng. 2nd Ed. 
McGraw-Hill, NY, 1967 

Instruction-Manual ^ 
IL 175 PORTO-matic 
pH meter Instrumentation 
Laboratory", Inc . 
LexingtoriT^ass. - . 
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ErFlUENT nnillTORltlG PrOCM)URE:. pH Determination of Wastewater and 


Wastewater Treatment ^Pl^ant Effluents ^ 






Sections I, VII 




REFERCNCES/RESOURCES' 


■ TRAINING G!JID[ NOTE 


t 


/ 

As the funjj^ion of these half-cells is to 
provide a steady reference voltage 
against which voltage changes at the 
glass pH sensitive membrane can be re-'^ 
ferred, they must be protected from con- 
tamination and dilution by the unknown 
solutions. This is acqomplished by 

[JciiMCiiidiLijr jCu I iiiy Lfic iMLcr iia i iia i i 

cell in a separate chamber which makes 
electrical contact to the unknown solu- 
tion through a porous ceramic plug. This 
ceramic plug allows current to flow, but 
' does nQt permit exchange of solution to 
this chamber. Gradually the KCl solution 
is slowly lost, therefore a filling port 
is placed in this electrode so that addi- 
tional satura1;ed potassium chloride caj^ 
be added. ^ 


f 


, VII 


Laboratory Analysis \ 
i: Instrument Calibration . 


, \ 
% 


\ 


^ The pH ba«1ance control, by adding a- 
yol Lage in ser^po wiLn unc pn cicLLrouc 
system, allc^/SM;he operator to adjust 
the meter 'readout to conform to the pH 

• of the calibrating buffer. .In general, 
calibrate the meter in the general range 
of the unknown solutions. Appropriate 
buffers can be selected (pH 4.0, 6.8, 
7.4 and 10.0). Always set the tem- 

nprAt'iirP rrimnpnQ;^ f c\X\ f hp inQtnitnpnt 

pcraLUrC L.Uli!|JCll^uLUr Ull LMC llljUrUIMCIIL 

to the temperature of the s€andard buffer 

c n 1 1 1 1 n 
1 U L 1 U ll . 


• 




For most accurate analysis the pH of the 
sample should be determined, and then 
buffered solutions of a pH above and be- 
low the determined pH should b'e selected 
to re-calibrate the instrument and the 
determination of the pH of the sample 
^repeated for a final reading. 


t 


VII 


Maintenance Practices ^ 

1 


♦ 

* 


# 


l..The reference chamber of the pH elec- 
trode system should always be kept 
nearly full of saturated KCl solution. 
Routinely check the level and saturation 


• 
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EFFLuniT MOfiiiopiiy^. ppoci m\L 



pH Determination of Wastewater and 
Wastewater Treatment Plant Effluents 




TP A I 



i 



2. 



of potassium Wloride in this reference 
chamber and add saturated KCl if ^ 
necessary. 

The pH sensitive glass membrane dehy 
drates when removed from water, and. 
thus it is imperative that^iJry electrodes 
be soaked in buffer or water for several 
hours before use. To avoid t^j's break- 
in. period always keep the gla§s pH sensi 
tive membran£ v;et b^^^en periods of use. 



3. The buffers are pH 
contaminate them. 



stsndards, do not 



S<i"U- 



4. Jhe meter is a battery operated i ns^ 
• ment. To conserve the battery life, 
turn the instrument off when not in use. 



REFERCNCES/RESfUJRfrS 
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Table 144(1 ) : Preparation of pH Standard Solutions 




Standard Solution (Molality) ' 

Primary standards 
Potassium hydrogen tartrate 
(saturated at ZS^C) 

0.05 potassium dihydrogen citrate 

0.05 potassi^um hydrogen phthalate 

0.025 potassium dihydrogen 
phosphate + 0.025 disodium hydrogen 
.^^osphate 

0.008695 jotassium dihydrogen 

phosphate + 0.03043 disodium hydro- 
• gen phosphate 

0.01 sodium borate decahydrate 
(borax) ^ 

0.025 sodium bicarbonate + 0.025 
sodium carbonate 



Secondary standards 
0.05 [Dotassium tetro)^alat€ dihydrate 

Calcium hydroxide (saturate'd at 25 C°) 



pH at 25 C 

3.557 
3.776 
4^008 

6.865 

7.413 
9.180 
10.012 

1 .679 
' 12.454 



Weight of Chemicals Needed per 1,000 
ml of Atlueous Solution at" 25 C° 



6.4gKHC4H405* 
ll.Al^HjCeHsO; 
10.12gKHC8H404 



3.388aKH2P04t + 3 . 533gNa2HP04t4: 



1 .l79gKH2P04t + 4 .302gNa2HP04++ ^. 
3:80gNa2B407-10H2O+ 
2.092gNaHC03 + 2.640gNa2C03 • 



12.61gKH3C403-2H20 ' 
l>5gCa(0H)2* 



♦Approximate solubility 

tDry chemical at 110-130 C° for 2 hr. . 

^Prepare with freshly boiled and cooled distilled water (carbon dioxjde-free) 




n 
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NAME 



LABORATORY RESUIT6 



SAMPLE 



Sample 1 



Sample 2 



Sample 3 



Buffer 4t 



pH RESULT 



Buffer 9' 



r , 



/ 
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A PROTOTYPE FDR DEVELOPME^il 
RO.UTINE OPERATIONAL PROCEDURE'S 

^for the, 

COLLECTION 'AND HANDLfNG OF BACfeRlOLOGJCAL 
SAMPLES FROM A WASTEWATER TflilmENT FACILITY 






as applied in 



WASTEW^R TREATMENT FACILITIES 
and in the 
MONITORING OF EFFLUENT WASTEWATERS 

♦ 



* Developed by the * ' - 

• , ■ ' • >^ • 

National Training arid Operational Technology Center 
•MifniciD^l Ooerations -and Training Division 
Office of Water Program Operations 
U.S. Environmental Protection Agency ^ ' 



«W.BA.sa.EMPJa.5.77 \ 
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EFFLUENT MONITO^NG PROCEDURE:' Collection ^nd Hajidling of Bacteriological . 
•' . Samples 

« 

This Procedure wafe developed by: 

NAME Rocco Rus^orflanno ^ . 

ADDRESS EPA, OUPO, NTOTC, Cincinnati, Ohio 45268 
POSITION Microbiologist-Inst#uctor 
EDUCATIONjAND TECHNICAL BACKGROUND". 

B.S. University of. Massachusetts 
^ 5 years Enforcement ^tion, Raritan Bay Project,. PHS & DI 

10 years Instructor, NTOTC, MOTD, OWP. EPA 




NAME Hirold L. :^eter ' ^ . 

ADDRESS EPA, OIJPO,' NTOTC, Cincinj>ati , Ohio 45268 

POSITION ^ Chief ,^ Progr*n Support Training Branch 

EDJ/CATIjitl AND TECHNICAL "BACKGROUND 



^ A.B. James llillikifv.ljniversity , 

M,S'. Ohio. University • \ 

4 years U.S. AnT\y, Clinical Laboratories, . ^ 

specializing bacteriology ' 

3 year $ Cbllege Instructor - Bacteriology * * 'li 

6 'years Research in Unitary MicroW^ogy % 

IZ years Training of FedeVal S^atk.an<l local personnel in I, 
principles> and' practices of sanitary bacteriology of water 
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EFFIUENT MONITORING PROCEDURE: Collectfon and yand];ng of Bacteriological 

Samples ' « T . 

1. Objective: , ^ 

Proper '-technique for t+ie collection and handlirf§ of a* sample for bacteril^ 
logical examination taken from a Wastewater tP^atment facility. 

2. Brjef Description of Analysis: ^ 



'lifter assembly of necessary e/uipmeQt and travel ^^to the sample 'site, tKe , 
saffiple is collected in a mar)i(ec which does not bips the sample. Satnples 

* / are collected in a suitabJ^ labeled, steril1zed>#ample bottle which may 
^/'corrtain chemical agents to inactivate cjilorine di-sinfectartt or reduce effects 

I of toxic metals if these are present in the sample,. / 

Bottle handling and filling, using hand or suitable holding dev-ice, is ac- 
complished ^r\ a manner 'to avoid entry of non-representative contamination 

• ' ^hich can aHer the bacteriological test results. . 

' / ' 

Cooling or refrigeration, .if the segj|)le is held for longer than one hour 
' before Uarteriological/ laboratory testing, is accomplished at less than. 
'iK)°C but^voiding freezing of the smnpVe. Holding or transporting 'in 
%'his condition can be %r no more than 6 hours before the bacteriological . ^ 
testing must be initiated for which another 2-Wo.urs is allowed 'a^-prd- , , 
cessfng time. - I ^ ^ - ■ ' 

' 3. Applicability of this Procedure: . " / . • , ' ^ 

Treatment of 'Interferences in. Simples: 

* * 
This procedure includes directions for dechlorination of ;safnples suff|tient 
I to act upon samples containing up to 15 mg'of residual chlorine per Ifter. 

^ [(]sOy directions are given for metal deioxifica^ior^by chelation if these 
materials are present or expected in the sample. W 



Source of Procedure: Standard Methods for the ixami'nation of Water and Wasle- 

water, 14th ed. , 19,75, • 
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EFFLUENT MONITORING RROCEDURE:' Collection and Handliag^of Bacteriological 

Samples 

Laboratory Equipment and Supplies 

General Description' of Equipment Used in the Process. 

Sample Bottle ' ' , , 

Bacteriological ly inert; resistant to sterilizing conditions; capacity 
at least 100 ml plus a^r space; containing dechlorinating agent if a ^ 
sample containing chlorine is anticipated; and contairving a chelating 
agent if metals are anticipated in. sample. 

Label ' ^ 

Clecyi and unused; non-smearing if wetted; sufficient size for needed^ ^ 
i nforjpStiojJi; can be attacliec^ securely to sample bottle. . 

Marking Device ♦ ^ ^ , 

Non-smearing if wetted; permanent 'marking^- ^ - 

Sampler QevKe ' ' * ^ - . ' ' 

^^Unnecessary If' bottle can be hand dipped; line, wire, etc., if di^-tance 
to sample water is -short; special apparatus if distance to sample water 
is sufficient td'make line unwieldy or if sample water is rea|ched with 
difficulty' as- through manholes, ports, etc. • ' • • * . ^ 

Germicide and Sponge % ' . * . 




pisjnfecting age^t.^ ^ _ 
Rubber Gloves . ■ . ^ 

Undamaged co,ndttion and of pr0prer si^e. 

Cont^ine^ . '* " ' 

^ f • ' 
Ice chest with cover. 

Reagents - , • • ^ , 

EDTA (Ethylene di n-itri >otetra acetic acid) 
• podium thiosulfate '(Na^S^O^.BH^O) 
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EFFLUENT MONITORING PROCEDURE: Collection and Handling of Bacteriologica V 

Samples ^ « . . , 

Capital Equipment ^ 

Autoclave ' ^ ^ . * ' 

Providing uniform temperatures up to, and including 121°C, equipped with 
an accurate thermometer, pressure gail^e^, safety features, saturated steBm 
power lines and capable of reaching required temperature within 30 minutes. 

Alternately ^ - 

A pressure cooker can be substituted \\\ 

* effitent pressure gauge 



.thermometer bulb 2.5 cm above wat^Jevel 



Balance 



0.1 g sensitivity at load of 160 g. ^ ' <\ ' • • 

Oven ^ ' . 1' ♦ ? 4 . 

Drying^ancJ sterilizing. Capable of -uniform temperatures gnd with suitable 
thermometer^o register accurately in the range 160 - 180 C. 



!t for 2^-'>0°C. 



Refrigerator (at laboratory) 

Distillation Apparatus, Water 

In order of preference, the systems- Ire of stainless "steel , quaftz, vycor . 
and pyrex glass. Tin-lined hardware is acceptable but because of maintenance 
problems, is best avoided in preference, to the above. Plumbing shduld be of ' 
stainless steel, pyrex or plastic PVC material. Storage reservoirs of stain- 
less steel and dust protected. Produced watier must be of suitable bacterfo- 
logic quality (test described in* Standard Methods, 14th Edition, P, 887.)' 

Alte%)jately * 

[>iStfl1ed« water meeting this quality criteria can be purchanged^ eliminating 
the need tor the distillation apparatus. 

Washer, Glassware ' • ' * ' ' ^ . . 

Operate at 180°C during hot deterg^f' cycle; hot rinse cycle of 6 t& 12 
' succes^sive washings; and final r*nse of bacteriological ly siiitabl^ distilled 
or deionized water.* . * \ ; * . 



eTTlue^ 



ETTLUENT monitoring PROCEDURF l^ Col lection and H#fid'1ing of Bacteriological Samples 



OPERATING PROCEDURES' 



A..Presampling Pro- 
. cedures 

' 1. Sample bottles 



2. Labels 



1. Chacic labels for-accepta- 
bi 1 i ty ' 



r 



3. Label Marker. 



4. 



Sampling J)evice 
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STEP SEQUENCE 



V 



1. Check sample bottles for 
acceptabil ity ' 




1. 



rker for 



Ch^k sampling pervice 
fbr conrdition 




ERLC 



INFORMATION/OPEgATlNG GOALS/SPECIFICATIONS 



la. Suitable material of at least 100 ml capacity. 

lb. Bott>^s slipuld not be chipped, cracked or other- 
wise damaged. f3o deposits o^ extensive glass 
scratches or etched surfaces can be tolerated. 

Ic. Bottle covers must not be cracked or otherwise 
ddfnagecl. 

la. Must be clean and unused. 

lb. Sufficient ^antity for nur^^ of samples plus 
a few extra labels . 

Ic. Each label must have a means of attachment to 
sample bottles. Wire or cond is desirable and 
such attachments as scotch tape, electrical tape, 
etc. must be avoided as these are affected by 
water imnersion. 

Id. Labels c^n vary from thateNhich is completely 

blank to a type which is required by the facility, 
agency, authority, etc.^ ^ 

la.^ Marker^ust be of a non-smearing permanent type?* 
lb. Marker is operable. • • 

la. A number of suitable sampl ing devices are avail- 
able and the function to a) provide w^ht to 
allow the sampling device to reach a depth with- 
out 'drifting; b) provide an anchorifig point for 
the.sterile bottle or chamber; c) have a tripping 
mechanism to a'llow entry of ^mple to the collec- 
tor; and d) provide a means of lowering thv device 
to depth and retuV^ned to surface. Check operation 
of ai^b of these areas. 

lb. Some *ty pes 6f samplers do not utilize a bottle 
but mj^ fuitction with a bulb, bladder, etc."^ It 
will Be 



rtecessary for the sampler to acquaint 



training: 
guide note' 



V.A.I. la 
(p. 17) 
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OPERATING PROCEDURES 



STEP SEQUENCE 



A.* Presampling Pro- 
cedures (Continued) 



5. Germicide 



1. Availability of germicide 



6. Rubber Gloves 



7. Chest, insulated 



8. Refrigerator 



9, Glassware 



Check rubber gloves for 
acceptabil ity 



1. Check chest for accepta- 
bility 



1. Check refrigerator , for 
acceptability 



1. Wash all glassware in hot 
detergent solution 



2. Rinse in hot tap water 



ERLC 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINIf^G 
GUIDE NOTES 



himself to the specific device being-utilized 
at his facility. 

'la. Provides a means of disinfecting any spillage 

of sewage or sample, 
lb. Must not be used in a manner where it could find 

its way to contaminate sample, equipment, etc. 
Ic. Sufficient quantity a^vailable (normally about 

one pint will suffice for any contingency). 



la. Proper sized to fit comfortably, 
lb. Must not be punctured. 

la. Must be of sufficient size to accomnodate samples 
to be taken. 

Ib^ Must be undamaged so that cold temperature will 
be retained inside chest. Must have tight fitting 
cover. 

]c. Contains ice to quickly chill samples. Must not 
• have too much water volurhe^ince this can compro- 
mise sample. ^ * 

la. Sufficient shelf space for samples. Use of 

refrigerator will only be necessary if it is not 
possible to run samples Immediately upon return 
to laboratory. ♦ 

lb. Temperature setting 2°-lt)°C. 

la. Nontoxic detergent 

lb. Be sure all Contents and marking^ are washed 
away 

2a. At least 6-12 successive rinses to remove 
detergent residue ' 



VI. A. S 
(p. 18) 



'V, A. 9. 1-4 

(p. 17) 
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' EFFLUENT MONITORING PROCFDURF. : Coll ection 'and Handling of Bacteriological Samples 



OP.ERATING PROCEDURES 



Presampling Pro- 
cedures (Continued) 
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STEP SEQUENCE 



3. Rinse in distilled v/ater 
or deionized water 



4. Dry in air 



ERJC 
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INFORMATION/OPERATING GOALS/SPECIFICATIONS 



3a. Water must be kno^yn to be suitable for bacterio- 
I'Sgical operations. ' i 

3b. 6 to 12 successive rinses recommended to removje 
all residues. 



4a., No visible spots or scum; glass should be clean 

and sparkling. 
4b. Glassware must not contain bacteriostatic or 

inhibitory residues. / 

IMPORTANT 

The following special conditions may apply to 
the sample to^ analyzed: 

* If sample is chlorinated effluent which con- 
tains copper, "zinc, or heavy metals, do o'pera- 
ting procedures A. 10, AJl, and A. 12 completely. 

* If sample is unchlorinated effluent which con- 
tains copper, zinc, or heavy metals, eliminate 
steps: A. 10, and A. 12.1. 

* If the sample is chlorinated effliient which 
does not contain copper, zinc, or heavy metals, 

'•eliminate steps: A. 11 and A. 12.2. 

* If tlie sample is unchlorinate^^^rfl^TTontains no 
copper, zinc, or heavy metals, eliminate steps: 
A. 10, A. 11, A. 12.1 and A. 12.2. 

I 



TRAINING 
GUIDE NOTES 



I 



VI. A. 9. 3a 
(p. 18) 



V-.A.9.4b 
(p. 17) 
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OPERATING i^WiCEDURES 



ng Fto- 



STEP SEQUENCE 



A. Fresampling 

cedures (Continued) 

10. Sodium thiosulfate 
solution 



n. Ethylene^dinitrilo- 
tertra acetic acid 
(EDTA) solution 



12. Sample bottle 
preparation 
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1. Weigh 10.0'gramrof sodium 
thiosu]fate 

2. Dissolve in 50-60 ml dis- 
tilled water 

3. Add disti|Ued water-to'- 
bring final volume td 
100 ml. 

4. Trajisfen to labeled bottle 



1. Weigh ISlO^rams of EDTA 



2. Dissolv^b in 50-60 ml of 
distilled wat€r 

3., Add distilled water to 
brin^ final, volume to 
^ .100 ml 

4. Transfer to clean labeled' 
bottle - 

1. Deliver 0.1 ml 6r 0.2 mj 
thioSulfate solution to 
each sample bottle. (.1 ml 
to 4 oz. or 120 ml size 
' and .2 ml to S-SToz. or 
250 ml sfze) -> 
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INFORMATION/OPERATING- GOALS/SPECIFICATIONS 



la. U^sed for dechlorination of samples, 
lb. Use of trip balance accepted. 

2a. 100 ml graduated cylinder-satisfactory. 



4a. Should be labeled as 10% sodium ^thiosul fate and 
' -Stored in refrigerator. 

la. Used for water-samples high in copper or zinc, 
' or wastewater high in heavy metals, 
lb. "Use of trip balance accepted. 

•2a. 100 ml graduated cyl inder .satisfactory. * . 



4a. Labeled as T^X Ethylene^dinitrijotetra aqetic 
acid (EDTA) and stored in refrigerator. 

Ta.' Us^ 1 ml pipet. ^ - * 

lb. Provides adequate sodium thiosulfate for 
jneutr'alizing^chlorine in sample. 

\ . 



EFFLUENT MONITORtNG PROCEDURF : Coljection and Hanc^'ing of Bacteriological Samples 



OPERATING PRCCEDORES 



A. Presampling P^- 
cedures (Continued) 



^ B. Tftivel : Assembly 

Po.int to Sapiple Point 

' 1 I-nitial Sampling 



1 
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STEP SEQUENCE 



2. Deliver.. 3 ml or .sftil of 
M57o EDTA solution to each 
•fSiinple bottle t.3 ml^. to 
4 02. or 120 ml . size and 
.6 ml . to &-8 02. or 250 
ml size 

4 

^. Place cover^on sample 
bottTe 

*4. Plate pa per or metal foil, 
cover overinottle cap or ' 
stopper 



5i .Sterilize sample bottt^s 

6. Store sample bottles 
clean, dry place until"; 
u^ed " 



1. Proceed to initial sample 
point ^ , ' i 

Prepare sa^le station for 
cQlleotion of/sam^l^ 



.IMFORMATION/CPERATING GOALS/SPECIf ICATIONS 
^ : ) 



2a. 
2b. 

2c. 



Use 1 mT pipet. " 
Provides adequate EDTA. chelati ng agent for 
metals in'sample 

Return stock sol uti on' of .EDTA to refrigerator . 



4a. 



Protects operving of sample battle frorrvactidental 
copt*tnation. 



$a/ 1 hour 170^Q. 



Ja. 
lb. 



2a: 
2b, 



Transport equipmq(»t with care/ ' . 

yp6n V^fY2il recheck as t(^ <;orrectness of 

designated sampi ing "poi/it. - 4 

Remove manholes, ports, acce^pa^els, etc., 
if i^ecess-ary 

Note ^fety hazards site. It is necessary 
to have a^-paftner if- potenti^Vly hazardous con- 
ditions can^^esult i/i injury or death i^i aiiother 
person is not avai lable ^fbr help. 



jrain'ing 

GUIDE liOTES 



Jit. 
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■ OPERATING PROCEDURES 



STEP SEQUENCE 



inFORMATION/OPERATING GOALS/'SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



C. Sample Collection 
1 . Spigot or tap' . ^ 



^. River, Stream,' . 
"iak^, holding ^ 
tank, 'e^c. 



1,7 :J 
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1 . Put on rubber gloves 

2. Flush spigot 



3. Remove ttood and' cap 
from sample bottle 



4. Let sample run into 
bottle * 



•5. Replace cap and h'ood 
on bottle . 

6. Label bottle - 

7. -Place bottle on ice in 
' ice chest 



1 . Put pn rubber gloves. 



2a. Must have direct fliain connection. 
2b. Full flow flush for 2-3 minutes or enoi^gh to. 
clear service line. 

3a. Remove as unit. . 
3b. Discard slip of paper which 1%, between cap 
and bottle. 

3c. Protect unit from contamination. Usual method 
is toxoid cap in left hand (if right-hanbed) 
and have bottle in right hand. ^ 

4a. No rinsing of bottle. Especial iy important if 
' - bottle contains sodium thiosulfate or EDTA. 
4b. Fill about 3/4 full so that a mixing space is 
available for thorough*sample mixing prior to 
laboratCi^y operations. 

5a » Secure closure but not excessively tightened 
or wedged on bottle. 

§e. Fill all items required .by local authorities. 

7ci. Do not. immerse bottle, in , water. Remove ex- „ 

cessive water if present en chest. 
7b, Cover .%est. 

la. If highTy contaminated by direct sewage or ^ 
count of wat^r is unknown. 




ISO. 




EFFLUENT MUNITpRING PROCEDURF : Collection and Handl/t^g of Bacteriological Saj^ples 




OPERATLt^G PRCCEDURtS 



C. Sample Collectfon 
(Continued) 





iSi 



STEP SEQUE.NCE 



2. Remove cap and teed 
from s'ample bottle ^ 



3. Hold bottle near base 

4. Submerge bottle 



5. Replace^dp and hood 
on bott1m\ 



NFCRMATION/OPER^^NG GOALS/SPECIFICATIONS 



2a^ Remove as unit. . 
/2b; Discard slip of paper which is between dap" 
' and bottle. . • ' . ' ' 

.2c. Protect unit from contamination. Usual method 
is to hojd cap in left hand (if right-haaded) 
and have bottyle in right hand. t ^ 



4a. ^ote cu>»pent flow of sample site. Bottle filling 
operation must be toward flow to avoid contamina 
tion from sampler's band. If current fTow is not 
present, 'the/?^pler must pu^tlie bottle away 

ntWte flowing' con- 



from Ms hand oi^ .boc^y to sim 
dition^. I 

Upon entry intlxyater have the neck pointing 
downward to prev^rtt surface material from enter- 
ing bottle. ^ , ' . . 
When submerged, tilt bottle neck upward* to allow 
boftle,to ^ake in sample water. 
If water is shallow the bottle may have to be 
" held in a horizontal position for filling but 
the same precautions rhust be observed to avoid * 
contami nation . 
4p. AllD»r bottle^ to fill about 3/4 capacT^ty and then 
quickly lift out of water. Overfilling or flush- 
, ong miTst not 'i?ccur. ' ^ 



4b 



4c 



4d 



5a., Secure clo^, 
- or wedqinq 




'avoid excessive tightening 



TRAINING 
GUIDE NOTES 



1S2 

Page No. 7r-}3 





i ^ 

• OPERATING "rI^CCEDORlS 


STEP SEQL'E'-CE 


infcp^'^a.t:on/cpe^/^^:i.g goals/s^cifications 
\ ' ' 


TPAiniNG ^ 
GUIDE NOTES ^ s 


C. Sample Callection 
(Continued) 

'I 

>*3. Device Collected 
Sample 

< 

■ \ 

• 


. 6. Label bottle 

1. Place bottle on ice in 
^e chest 

Place, sterile sam^ile 
bottle in device 

2. Inmerse sample device 
to depth requi red' 

3. TriD device 

4 . Recover' devi ce 

5. Remove bottle 

6w Label bottle ^ 

7. Place bottle on ice 
in ice chest 


6a^ Fill all items requi'iaed by local authorities. 

7a. Do not irnmerse bottlejci wa-ter. Remove -ex- , 

cessive water if present in- eldest. 
.7b. Cover chest. . ' ^ 

la/ Some devices may employ* sterile plastic bags, 
' containers, etc. - ^ • ^ 

2a, Mark line to indicate depth rrfeasuneme/its . 

^3a. Allow approximately \0 seconds. for bottle' to 
fill or time recommended by manufacturer of 
' device^. y ^ ' • ^ 

6a.. Fill all items required by local ^i>thori tie^. 

7a. Do not immerse bottl'e in" wafer. Remove ex- 
cessive water' if present in cf^s^. . . 
7b. Cover chest. • . 

— - — ^-L— : 


- * • 

« 


D. Sample Handling 

ERLC ^9 


1 . Transport i ce chest 
to laboratory 


la. If sample is bactergOlogical^^y processed by 
the leboratory within > hour* of^coTlection , 
icing is not required. ^ ^ 

lb. If sample- is l>eld'Vor over 1 hour, icing is > 
mandatory. / • - ' / 

• 

• ' "■: . ■* ... 

% ■ ■ 


* 

•ISM- • ■ * 

• 



EFFLUENT MONITORING PROCEDURF : , Collection and Handling of Bacterioloqical Samples 



OPERATING PROCEDURES 



D. Sample Handling 
(Continued) 
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STEP SEQUENCE 



INFORMATION/OPEPAnNG GOALS;(SPECI F ICATIoTrS 



1c. Sample delivered -to laboratory no later than 

6 hours from collection time. ' 
Id. Refrigerator can be used for sample holding 

or ice chest can be utilized provided that: 

a. Ice is present for holding time 

b. ^ Bottles do not become immersed, 

in ice water accumulation 

c. Chest remains covered 



TRAINING . 
GUIDE NOTES 



ISC 
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EFFLutriT MOriiTORnr, pro 



:onection and Handling of Bacteriological Samples 



TRAINING GUIDE 



SECTION 



I 



II 

III 



VII 

;in 

IX 



TOPjC ^ 
Introduction 

Educational Concepts - Mathematics 
Educational Conce^Dts - Science 
Educationa-? Coocepts - Communications^ 
Fie^d 6 Laborato*"y Equipment 
"leld ^ Laboratory Reagents 
•Fi^eld & Laboratory ^dlyses ♦ 
Safety 

Records and Reports 



*Xr*i^ing guide materials are presented "here Jnder the headings n^ari^ed*. 
^*fhes^ standardized headings are-used throuah this series of ^procedures . 



^^-^ No, 7-16 
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^^EfFLUENT MONITORING PROCEDURE: Collection and Handling of Bacteriological Samples 






\ 


FIELD & LABORATORY EQUIPMENT 


Section V 


< 


^ TfV^INING GUIDE NOTE 


REfERENCES/RESOURCES 


A.l.Ia 

• 


Sample bottles must, be composled, o/ a material 
w^iich is nontoxic to bacteria, resistant to solvent 
actlofr of water-, and capable of' being sterilized. 
Preferably an all glass, ground-glass-stoppered 
closure of abo^ 250 .ml size Is recommended. 


» 




Various plastic\ (polypropylene, Nalgene, etc.) 
have been found' to meet the specifications above, 
and, closures of the screw cap. type are acceptable 
provided they are, and remain, non toxic to the 
sample and -provide a tight closure. 






In'fotmatlon **is applicable to both glass or. plastic 
sample bottles having the mandatory' qualities men- 
tioned for sampling use. 


1 




Glassware can be checked for bacteriostati c .or 
inhibitory resiclues by a bcicteriological test 
procedure which, lik# the distilled water suita- 
bility test, should be undertaken only by pro- 
fessional bacteri^)logists or in laboratories where 
this test Is. done on 5 regular.-basi s . 


S'tandard Methods for the 
Examination of Water and 
. Wastewater, 14'th ed. , 
1976, APHA, New York, 
New York, p. 885. 


^ A. 12. 1-6 

* If 


^ ^ << *■ 
Wide-mouth, glass-stoppered bottles suggested, but 
other, styles accept*!. Bottle jnust be heat stable 
to sterilizing conditions and not be toxic or 
nutritive to^ organisms natural to the sarrrple . . 

If' glass-stappered bottles are used, a strip of 
, paper should be placed in the neck of the bottle 
befpre placing the stopper in place in preparation 
foj sterilization. This prevents the glass stopper 
frOm "freezing" in place during sterilization. The 
R^r strip is discarded at the time of sample; 
coBection. 


'standard Methods' for the 
^Examination of. Water and 
^Wastewater,. I4th ed., 
1976, APHA, New York, 
New York, p. 884, p. 904. 

% 

>■ ... 












« 
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EFFLUE>NT MONITORING PROCEDURE . Collection and Hanhlirig of Bacteriologicayamples 




•FIELD A LABORATORY REAGENTS • 



A. 5 



Section VI 



TRAINING GUIDE NOTE 



A large number of preparations can be used as 
germicides varying from dilutions m.ade .f rom pur- 
chased concentrates or laboratory preparations 
made-4)y the worker. A few of the .Tiore easily, made 
germicides are as follows: 



REFERENCES/RESOURCES 



1 



Ethyl Alcohol 

Examples : 
7 ml 
70 ml 
* 700 ml 



70 solution 



ethanol 
ethanol 
ethanol 



+ 3 ml distilled water 
+ 30 ml distilled water 
+ 300 ml distilled water 

70 solution 



A.9.3a^ 



4. 



5. 



Isapropyl Alcohol 

Ethyl Alcohol (70. solution) containing 
1 Iodine crystals 

Examples : 

7 ml ethanol + 3 ml distilled water 
0.1 gram Iodine c:rystals added^to the 
ethanol -water solution 

70 njO^ethanol + 30 ml distilled water 
1.0 gragis,of Iodine crystals added to 
the ethaa'ol -water solution 

Isopropyl Alcohol (70' solution) containing 
1 Iodine crystals 

At^ueou^ KI (potassium iodide) V contain- 
ing 1 Iodine 

Examples : 

' -1 gram KI + 100 ml distilled water, 
mix until dissolved, then add 1 gram 
of iodine crystals and mix until dis- 
solved. 

1.0 grams rJ -1000 ml- (or 1 liter) 
of distilled water, mix until dis- 
solved, -then add lO^grams-of Iodine 
* 'Crystals and mix' until diss(3lved. 



DistiUed water !;iust not contain substances pre-*^ 
venting bacterial growth or be highly nutritive. 
Ther^ are required pr%edures to testing distilled 
water and should be undertaken only^by professional 
bacteriologists or in laboratories where this is 
done regularly. 
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Standard Methoas for the 
Examination of Water and 
Wastewater, 14th ed. , 
1976; APm, New York, 
New York, p. 881-891. 




4 

A PROTOTYPE FOR DEVfLOPMENT OF 
ROUTINE OPERATIDNAL PROCEDURES 

,f for the , 

FECAL COLiJfORh TEST 

. . by the ' 

MULTIPLE DILUTION TUBE METHOD 



\ 

\ 



f 

■ \ 

applied in 

WASTEWATER TREATMENT FACILITIES 
and in" the 
MONIT0RING OF EFFLUENT. WASTEWATERS 




Developed by the 

National Training and Operational Technology Center 

Municipal Operation* and Training Division 
^ Office of Watfr Program Operations- - 

^ - U.S. Enviro'hm^otal Protection Agency 



.BA.EMP.1C.6.J7 



i 



EFFLUENT MONITSftlNG PROCEDURE: Fecal Coliform Test by the MuUipJe ^ 

Dilution Tub^ Method ' j 

This Procedure was developed by: , - . ' 

"name / . Harold L. Jeter ' ' ' ^- — ' . ' • • 

ADDRESS EPAi OWPO, NTOTC, Cincinnati , Phio'45268 

POSITION Chief, Program Support Training Branch ^ 
EDUCATION & TECHNICAL BACKGROUND . ' , ' 

AB - James Kjllikin Ur>iverstty 

MA - Ohio University * J 

f 4 year's - US Army; Clinical Laboratory; speciali^fing 

. bacteriology 

\ 

3 j^ears College In^tri^ctor -^Bacteriology, 

6 years Research in Sanitary Microbiology 

21 years Training of federal State and Local personnel 

in principles and practice of sanitary bacttniology water 

r 

f , ' . » . • ^ 

NAME Rocco Russomanno ' ^ 

k 

ADDRESS EPA, OWPO, NTOTC, Cincinnati, Ohio 45268 . - ) 

I 

POSITION • Microbielogist-Instructor 
• EDUCATION & TECHNICAL BACKGROUND' 



BS - University of Marssachusetts 

5 years Enforcement Action^ Raritan Bay Project, PHS & DI 
9 years Microbiologist-Instructor 



/ 
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* FECAL COLIFORM Tl/>V 

Muttiple Dilution Tube (MPN) .Method^ 
Flow Sheet 



b Uibes of each of a deciinal Suries 6f 
3 or more sample volumes. (P.ach 
successive volume is l/lOH^he previous 
volume. ) 



Ll.STH 




Incubate ?i j". ^ Hr:.. at 3b C ±*0:'b C 
_ _ i ^ . _ _ . 



Gas (+) 



Gcic> ^) 



ECB 



Incubate in v.ater bath 2-1 hrs. +2 hrs. 



. at 44. 5^C + 0. 2"C 



IncubattJ 24]krs. +^hrs. at 35^C + 0. 5°C 



Gas (+) 
Fecal Cohforms 
Present 



No Gas (-) 
Fecal Coli fo nns 
Not PrestMi 



Gas (+) 



No Gas (-) 
Fecal Cold" o rms 
Not j^ res e nt_* 



ECB 



^ Incubate in water bath 24 hrs* + 2 hrs. at 44. 5° + 0. 2^0 



Gas (+) 

Fecal Co] if or n i_s 
. Present 



Gas {-) 
Fecal C'oUfoi ms 
Not Present 



CodiXy results based on No. Gas + tubes in EC Broth 



Determine MPN Indc^ 




ERIC 



Apply correction factor ao required 



1 



Record rrsults as l <-C^l Colifoi nr./ 1 00 ml 
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Htport results as prescribed under 
,^ NPDES or other regulatory requirenent* 




EFFLUENT MONITORING PROCEDURE: 



Fecal Coliform Test by the .Multiple 
DDution Tube Method 



1. In wastewater ef.fl uent .qual ity control,' the objective X)f the test may b" 
or both of the following: 

; ■ ■ ^ / 

a^ To determine whether the bacteriological quality of the effluent meets 
quality requirements set by law or by regulatory autRbrity. / 

b. To determine overall efficiency of the treatment pro$:ess in re/ucing the 
bacterial content' of <tie wastewater being treated. 

2. Brief Description of Analysis: 

TKree or more fJecimaV series dilutions of a sample (for examle: five fermenta- 
tion, tubes with 10-ml portions another five tubes with l-inl portions^, etc.) 
are inoculated into lactose lauryl sulfate trytose broth (LST)'and incubated 
at 350c + O.5OC. After 24 hours and again after 48 hours the LST cultures 
are examined and results recorded for gas production. .Ctilttjres shewing gas 
^ are transferred at each examination time to EC Broth (^C) fermentation tubes 
and incubated at 44.50 + 0.2OC in a water bath. EC Cultures are examined for ' 
evidence of gas production after 24 hours. At the'end of the overall incubation 
period, results are summarized as positive or negative and coded to, represent 
the^number of EC gas-pp^si ti ve tubes for each series. A Table of'Most Probable 
Numbers (MPN) is used with the coded results to determine an MPN Index. This 
index is correctecTMf necessary, stnce the table is for 5-tube, 10, 1.0, and 
0.1 ml series only) to agree with theJptctuaJ sample volumes indicated. Th^ 
final result is recorded as Fecal Col'forms per 100 ml of sample. 

3v Applicability of this Pro'cedure: 



Range of Concentration: 

If these dilutions are used 

1.0; 0.1 ; 0.01;0.001 ' ' 
0.1; 0.01; 0.001; 0.0001 
0.01; 0.001; 0.0001;' O.OOOOT' • 
0.001; 0.0001; 0.00001; 0.000001 



.These ranges are covered 

'20 to 160,000 

200 to . 1,600,000 

2,000i'^o 16,000,000 

20,000 to 160,000,000 



b. Pretreatment of Samples , ^ 

In accondance with Standard Methods, 14th Ed. (p. 904*) , and as' outlined in 
EMP, "Collection and Handling of Bacteriological Samples". 



This procedure conforms to the fecal coViform test, as described in 
Standard Methods for the Examination of Water and Wastewater, 14th 
Ed. (1975), p. 922 ff. 
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' EFFLUENT MONITOpINfr PROCEDURE : Fecal' Colifonn Test by the Multiple 
. ^ . Dilution Tube Method ' * 

General desc/^iptior of equipment and supplies used in the test analysis 

' Caplfal Equi^en^: , • ' > ^ 

\ 

Autoclave, providing uniform temperatures up to and including 12FC, 
> equipped with an accurate thermometer, pressure gauges, saturated 
steam power* lines and capable of reaching required temperature within 
30 mi nutes . 

/- ^ 

t/ 'Balance,' 0.1 g sensitivity at load ^f 150 a 
Air igcubator to operate at 35"C + 0 5^C 

Incubator, wdterbath, to operate at 44.5' + 0.2°C and to accommodate 
tube racks /is described seoarately, - 

Oven, *hot-air sterilizing, to give uniform temDe*^^dtures and, with suitable 
thermometer to register accurately in range^of l*60-18n''C 

pH meter, accurate^^^to at least 0.1 pH unit, with standard pH reference ^ 
solution(s) " * 

Water distillation apparatus (glass or block tin); ot source of distilled water 
suitable for bactenol ogica^^l operations. 

Reusable Supplies -, 

Apron or co^t suitable for laboratory 

* ' Baskets, wire for (^iscarded cultures , ^ 

. ' Bottles, dilution*, 6-oz. screw caqs, with 99ml volume level etched on 
one s ide l. _ 

\ 

Bottles, sample*, pr^erred characteristics being 250 ml (6-8 oz.), 
wide mouth, glass stopper 

Bottle, squeeze type, with disinfecting solution • 
Burner, gas, Bunsen burner type 

Cans, pipet, aluminum or steel ;\ not copper (If plastic, -or other type 
/dT prepackaged disposable pipets are used, this item is unnecessary.) 

^' Metal caps* to fit 20. x ISQim culturp tubes 

Pan, to receive discarded contaminated pipets and 'glassware (m^ust contain 

disinfectant before use) ^ ' . ^ 

« 

Inoculation loop, 3 nm diameter loop pf 'nichrome or plati^um-irid^um 
wire,*26 B&S gauge, in holder 

Pipets*, 1 mj , with 0.1 ml graduations; Mohr tfpe preferred, sterile, 
cotton plugged, glass or disposable plastic ^ * 
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Racks, cuTture type* 10 x 5 openings, to acc^^f^t^ tubes at least 20 mm 
in diahieter - ^ .-^^ 

/ ' ✓ 

Sponge, for cleaning desk top 
Tubes, culture*, 150 x 18 mm 

Tubes, fermentation*, 75 x 10 mm vials to be inverted In culture tubes 

Supplies Used Up in the Analysis (wst be replaced when stocks get low) 

Distilled water, suitable for bactericJiogical cultures (note distillation 
apparatus required in capital equipmeat) ^ 

EC Broth, Dehydrated (recommend purchase of 1/4-lb. units) 

Lactose Lauryl Sulfate Trypto^e Broth, Dehydrated (recommend purchase of 
1 -1 b; uni ts ) ' ' 1,., ' ' ^ 

Potassium Dihydr-ogen Phosphate (KH^PO.) (recommend purchase of 1/4 lb. units) 

Disinfectant, for bench tops. (Use household bleach solution prepared- ^ 
according to instructions on bottle) 

Wax pencils (recommend soft wax equivalent to Blaisdell 169T) 

EDTA (ethylene dinitrilotetraacetic acid) 

Sodium thiosulfate (Na^S^O^.B H^O) ^ ^ 



*Items mamced are needed in^quantities or requ^ire size (Jr space allowances 
^ which canrot be specified h^re, as they vary according to the daily .analysis 
schedule: As a rul e-of-thumb, spac^/size or quantity requirements should be ' 
at least 3 times the normal daily requirements. For further information on * ^ 
specifications for equipment and . supplies , see^ the Microbiology Section' of 
the current edition of "Standard Methods for the Examination of Water and 
Wastewater!" ' ^ , / 

1 " ■ 1,95. . 
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EFFLUENT MONITORING PRgCEDURF. ; Fecal Coliform Test by the Multiple 

Dilution Tube (MPN) Method 



OPERATING PRGCEDURES 



STEP SEQUEICe 



INFORMATION/OPERATLNG GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



A. Pre-Test Procedures 



1. 35°C incubator set-up, 
adjustment • 



ERIC 
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1. Place 35°C incubatof in 
permanent location. 



2. Install thermometer. 



3. "^IrTstalT shallow pan of 
water in bottom of incu- 
bator. 



4. Connect incubator to 
electric power spjrce. 

5. Adjust temperature until 
.stabilized at required 

temperature. ^ 



6. Operate bacteriological 
incubator continuously. 



Aa*. All pretest procedures completed before starting 
other 'first-day procedures. ' - 



la, 

lb. 
Ic. 

2a. 



2b. 
2c. 



Out of drafts ^or places wh^re it will be in direct 
sunlight part of day. 
Location convenient to laboratory bench. 
Convenient source of elect^ic power. 

Thermometer functions at least in 30°-40°C range 
,and have intervals of 0.5° or less indicated. 
Meets NBS standards. 

Location should be £ent1^al in inchbator. 
Mercury bulb thermometer should --be fitted with 
cork or nibber stopper and mounted in. small bottle 
filled* with Ifquld (glycer.ine, vfater, or mineral 
oil). ^ * 

3a. In most laboratory incubators a pan having about 
1 square foot of area, with water about 1 inch 
deep, is satisfactory. , * ' 

3b* Maintains condition of saturated relative humidity, 
r.equired in# bacteriological incubator, 

3c. Requires daily check, with addition of water as . 
nece^sary^ to keep water in pari at all times. 

4a. Many ingub^tors have pilot light to irtdicate 
power turned on. ' 

5a. Manufacturer's fnstructicJns for methbd of 

temperature adjustment. 
5b: Operation must be at 35 + O.S^C. 
5c. Should allow about 1 hour between adjustments. 

6a. Requires dally check with written temperature 
record, with adjustment and water addition as 
necessarj^. . . / 



I 



V.A.1.1 

(P. 41) 



V.A.I. 2 
(p. 41) 



V.A.I. 3 
(p. 41) 



V.A.I. 5 

(p. -41) 



V.A.i:6 
(p. 41) 
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OPERATING fRCCEDURES 



STEP SEQUEr^ 



INFORMATION/OPERATING GOALS/SPECIFICATI0^(S 



•TRAININtf 
GUIDE NOTES 



2. Water bath incuWtor 
setup, adjustment 
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1. Place water bath incubator 
in permanent location. 



2. Put water in water, bath. 



3, -Install thermometer. 



4. Connect water bath incu- 
bator to electric power 
source and turn on. 

5. Adjust temperature until 
stabilized at required 
temperature. 



6. Operate water bath incu- 
bator continuously. 

> 



la. 
lb. 

Ic. 



Oh bench or table surface. 
Out of drafts or place in which it will be in 
direct surrligh't part of day. 



Location convenient to laboratory bench. . 
d. Convenient source of electric power. 

2a. Distilled^ deionized water preferred, tap water, 
acdepted: ' ^ ^ f 

2b. Should be 2-21/2 inches d^ep above the platform on 
which the racks of cultures will be placed. Water 
mi^^t be deep enough that when racks of cultures 
are placed i^i/the water bath, the water, is as high 
' on the tubes as the top as the culture' medium in- 
side the tubes. Yet it must not be so deep as to 
let the tubes flo^t out of the racks or reach the 
cap. 

3a. Functions at least in 40*'-50*'C range. Meets NBS. 

standards,. Have at least 0.1 'C increment markings 
3b. Most water baths provide for corner location for 

thermometer (for protection from breakage). 

4a. Pilot light should come oh. 



*5a.' Manufacturer's instructions for location and 

methodM)f temperature adjustment. 
5b. Operation must be at 44.5 + 0.2iC. 
"Sc. Allow about 1 hour between adjustments. 

^ I • ^ ' 

6a. Requires daf'ily check with written temperature 
record, with adjustment as necessary. 

6b. Requires daily check of water level and addition 
of more as needed . 

6c* With' tap water in water bath/'may require 
peniodfc scum rentoval from inner walls. 
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EFfLUENT MONITORING P'ROCEQURF: 



Feca] Col i form Test by the Multiple 
Dilution Tube {MPN) Method 



J 



'OPERATING PROCEDURES 



3. Ovejj, sterilizer, 
setup 



4. Autoclave setup 



STEP ^SEQUENCE* 




20/J 



1. Place overr*5terilizer in 
permanenl^ocation*. 

2. Install thermometer. 



3. C6nnect oven sterilizer to 
poWer source and turn on. 

4. Adjust temper^tu^re to 
stabilize at required 
temperature. 

5. Operate oven sterilizer 
\ only when needed. Turn 

off when not- in use. 



1. Install and operate auto- 
clave accor^ding to mapu- 
. ' facturer's instructions> 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. Convenient to source of'.electric power; usua.lly 
on table or ftench. , w • 

2a. Should indicate the 160°-186^C range,' be accurate 
within th.is interval, and be marked in T.O degree 
int-erval s : 

3a. Usually iaas pilot li^t to indicate power on. 

4a. Operated as near to 1 70°C. as possible; not lo^iter 
than 160 nor higher' than 180°C . 



5a. Turned ON in advance 
required temperature 
»tD"be sterilized. 

5b. Oven steriljzer used 
metal objects. 

5c. Oven sterilizer not 
solution, pl'Sistics, 
anything containing 

5d. Paper-wrapped glass 
^ oven sterilizer. 



of need tb permit reaching 
before introducing material* 

to sterilize dry glassware, 

used with culture media, 
rubber obje^cts, or with 
or including these, 
pipets may be sterilized in 



la. Autoclave extremely variab-le in design and 

loperation; also, potentially dangerous. ^ 
Jb.' Used to sterilize objects made of, or including 
'liquids, rubber, culture media. 
Is. Glassware ma^ be autoclave sterilized but must be 

dried a^erward. ' \ 

Id. M2)st plastics not^ sterilized in autoclave; 

plastiK:s usual ly require chemical steril izers. 
Ve. ADtoclave usually operated'at \21 C for 15 min. 
•If. Sterilized* media must be removed from autoclave 
as soon as possible after autoclave is reopened 



TRAiriING 
GUIDE NOTES 



V. A. 3. 1-5 
(p. 41) 



V.A.4.1 
(p. 41) 
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Di1uti5n Tube (MPN) -M^hod 



I 



OPERATING PROCEDURES 



STEP SEQUENCE, 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAI-NING 
' GUID£ NOTES 



/ 



^5. 'Water distillation 
eQuipment- 



6./pH met^r 



7. Glassware 



^ 0 *^ 



1. Install and operate in ^ 
accordance j^ith manu- 
facturer's Instructions. 

2. Operlite continuously or 
intermittently as required 
to niaifitajn adequate 

, supplies of distilled 
.water. 



1. Have unit available and-.^ 
operate in accordance with 
procedures described in 
* pttjer I'ab pro<?Bdures, 

1. Wash all glassware'*in hot 

detergent solution; 
« 

2. Rtnse'at least once in 
hot tap water; . ^ 

3. Rtnse in'distilled water,, 
at least *6 successive 
times, and, 

4. Dry >in. air. ^ 



la. 



2a • 



2b. 



la. 

lb. 



la. 
lb. 



Must produce distilled water meeting quality 
requirements for bacterrTological tests. • 

Reserve supplies kept in boroslHcate glass " 
carboys or in plajltic carboys made of material 
which will not dissolve substances whicTi will ^ 
affect grpwth of bacteria. 
Same distillation apparatus used-'for bacterio- 
logical purposes may be used for chemical 
"rfeagents. 



Unit for pM check 
Used -in prep^r 
potassium dihy 



ecM|JUU|Lt] 



ed culture media, 
k 'Soluttbn of 
hate. 



Nont6xtc detergent * ' ^ 

Be sure all contents and ma-rkings are wasjied away. 



4a. 

4b. 



N^isible spots or scum; glass should be clian, 
and sparkling . • - ■ . ' ' 

•Glassware suitable for use in bacteriologioBl 
operations'. ' , ' * / 



V.A.5.T-2 

(p.. 42) , 



v.A.6:i 

(p. 42) 



V.A.7,l-4a 
(p. 42) 



VAA.7.4b , 
.42) ^ 



ft 
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» OPERATING PR()^^EDURES 



STEP SEQUENCE 



INFDRMATIOrl/OPERATING GOALS/ SPEC I'FICATIONS 



TRAINING 
GUIDE NOTES 



8. Sodium thiosulfate f 
^olutfon 



9. Etylenedinitri lotetra- 
' . acetic acid (EQTA) 
solution' ^ 



I 



1. Weigh 10.0 grams of sodium 
thiosulfaU. ' 

2. Dissolve in 50-60 ml dis- 
tilled water. ' ' 

3. Add clistllled water to 
bring final volume to 
IDD ml. . 

4. Transfer ta labeled bottl| 



i: l\^igh 1^.0 grams of EDTA. 



ERIC 



The fol lowiV^g- special conditions may apply to the 
^temple to be analyzed: 

If the sample is chlorinated effluent which 
contains copper, zinc, or heavy metals, do 
operatinq pVoceldures A. 8, A. 9 and A. 10 completely 

V 

If the sample is unchlorinaJted effluent which 
contains copper., zinc, or heav/ meftals^ elimi- 
nate steps; A^ and ^.10.1. / 

If the sample is chlorinated effluent which 
does not contain copper, zinc, or heavy metal^s 
^ eliminate steps: A. 9 and A.1Q.2. 

If the sample is unchlorinated and contains no 
copper, zinc* or heavy metals, elirtfinate steps: 
A. 8, A. 9, A. 10.1 and A. 10.2. 

la. Used for dechlorination of samples. 
Ibl Use of trip balance jiccepted.. 

2a. 100 ml graduated^cyl inder satisfactory. 



4a. Labeled as 10% sodium thiosvlfate and stored in 
refrigerator. • ' ' 

la. Used for water samples high {n copper or zinc or 

wastewater samples high in heavy mejtals. 
lb. Use of trip balance accepted. 
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m Test by the Multiple 
/' Tube (MPN)/h^thod ' 
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Operating procedures 



STEP-SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



/ 



10. Sample bottle 
^ . preparation ^ 



2Cu 



Dissoiye in 50-60 ml dis- 
til le/ water. . 

3. Add /distilled water to . 
brrng fiwl volume to 
1^ mU 

/ 

4. /transfer to labeled clean 
/bottle. 



1. Deliver 0.4 ml .or \2 ml 
of 10% sodium thiosulfate 
solution .to each sample 
bottle. (J ml to 4 ounce 
or 120 ml size and .2 ml^ 

^0 6-8 ounce or 250 ml 
size) 

s 

2. Deliver .3 ml of ml 
15% EOTA solution to e^h 
sample bottle, (.3 ml to 

4 ounce or 120 ml siie and 
.6 ml to 6-8 ounce or 
250 ml size). ^ 

3. Plare cover on sampl 
^ttle. ' 

4. Place pap^r or metal foil 
cover over bottle' cap or 
stopper. ' I 

5. Sterilize sample botile§ In 
steril izing oven. 1 



2a'. A 100 ml graduated cylinder is satisfactory. 



4a. 



la. 

'lb. 

Ic. 



2a. 
2b. 

2c. 



The bottle should be labeled as 15% Ethylene- 
dinitrilotetraacetic acid (EDTA) and stored 
in refrigerator. 

Use 1 ml p1pet. 

Provides adequate sodium thiosulfate for • 

neutralizing chlorine in sample. 

Return stock sodium thiosulfate solution to 

refrige^ator. 



Use' 1 ml. pipet. 

Provides adequate EDIA chelating agent for metals 
in sample. 

Return stock solution of EDTA to refrigerator. , 



V. A. 10. 1-6 
(p. 42) 



4a. 



Protects opening of sample bottle from accidental 
contamination. * 



5a. One hour at M^X. (See A. 3) 
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EFFLUENT MONITORING PRQUduRF : FecaT Col i form Test by the Multiple 

Dilution Tube (HPN) Method 



OPERATING PROCEDURES 



STEP SEQUENCE 



IHFORMATTOWOPERATING GOALS/SPEC! FiCATIONS 



TRAINING 
GUIDE NOTXS 



11. Pipet prepSratiorr 



ERIC 
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.^ore sample bottles in - 
clean, dry place until ^ 
used. ^ 

Inspect pipets to be- pre-, 
pared for use;* discard and 
destroy all having chipped 
\or*cracked tips. 



> 



2. Ir^sert plug of.non- 
abfecfbent,cottoji into 
mouthpiece of 'each clean, 
dry pipet. ^ ' 

Place a'liyer of glass' wodl 
, or several layers -of paper 
*>pad(f\i'ng in i)ottorfl of pij)et 
* cam.^/ 

4. Place 1 8-24' iJi pets in 'each, 
pipet'cin,^^ del.i very tip« 
down. 

^* * 

5. Sterilize cans of p'ipets--" 
^ pippts in oven.. ^ . 

^6. $tore*'caas +n clean, dry 
" p-Tace until used.\ 

7. "When ca-n of pipets is., 
ope?)ed for- first use, pass 
the exposed ^ef)ds of the 
pipets through flame^ 
slowly. 



la. Cleanliness df pipet must b$ equivalent to 
^gl^sswar^e^' 

Ibi. For protection of usBr wh^n pipett-ing^'sarhp'le. 



2a'. -Cottoic^ plug fnust oe tight^enough to pr§,veijt easy 
rempA^afr^either by the pipetting action or by 
iiandTing^ artd yet^lojose etiough to^penriit eejy v 
iir .movement through the plug. 

• ' \ . ' . , . ' 

3a for. protection of p4pet deTi^vev^y ttps,.' 



4a. ^#rmits, removal^ of sterile pipets .from- cam 
' /v^ithoui; contamination by usAr"* , /' ' 

5a^ \ hour at l70Ve, CSee;A.3 of proce^jjres) 

■ - * . 

6a. Laboratory qabinet or drawer recomnehded. 



7a,,Burns' off excess cptton sticking out of piper 

.' nioij1)ripiece. . ■ " ' 

7b. Cover kept on can at" ajl times .'except when 
samples are beir>g- Inocul^ated. • - 



v.A.nn-6 

(P'. 42) 



V.A.I]. 7' 
(P- 43) • 
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PWa! LWlTflWi Tfest by the Multiple 
DilutTon Tube (MPNl Method 
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12. dilution water blank 



■ ■' 210 



V Prepare stock solutioii of 
potassium dihydrogen^hos- 
phateMKH2P04); dissolve 

34.0 gr|(jis of the iW^PO^ 

in 500*ml distiJled water. 
Adjust to pH 7.2" wtth , 
' IN NaOH, and dilute to 1 
liter With distilled water 

Prepare stock solution of^ 
magnesium sulfate fMgSO^. 

7H2O) by dissolving 50 

grams of this chemical In 
500-600 mis of distilled 
Water and, after complete' 
dissolving, bring the' 
final volwne to 1 liter in 
a volumetric'^flask. 

3. Prepare working solution 
of dilution water by' add- 
ing 1:.25 ml IG^gPO^ 

. and 5 ml of the magnesium 
sulfate stock solution to 
each liter of distilled ' 

, w'ater to.be made up as 
dilution water. 



la. 

lb. 

Ic. 
Id. 



3a 

3b, 
3c. 



Distilled water may be measured in 500 ml 
graduated cylinder. " • 
Finished solution labeled "Stock KH^PO- for 
Dilution Water." ' » . ^ ^ 

Stored in refrigerator. ^ 

Discar(^ stock solution ^nd prepare new solution 
if mold appears . 



5 m^l pipet satisfactory' for 1 liter amounts of 

dilution watBr- 10 ml pipet better when several 

liters are jh^ng ntade. 

1-liter graAiated cylinder satisfactory for 

measurement of distilled water. 

Use seperate pipets for each solution to prevent 

contamination. ' 



V,A.12/IMd 
(p. 43)^ 



EFFLUENT MONITORING PROCEOURF: 



Fecal CoViform Test by th'e\Multiple 
Dilution, Tube; (MPN) Method 



tJai 



OPERATING PROCEDURES 



STEP SEQUEI^CE 



I NFORMAT I ON/OPE RAT I NG GOALS/ SPEC I F I CAT I ONS 



JNING 
GUIDE NOTES 



Deliver enough working 
soTiitiOn to edc>'tfiT'ution 
water bottle so that aTter 
sterilisation the- bottles ■ 
will contain 99 + 2%nl of 
dilution water. 

Place caps on dilution 
bottles loosjiy . 



1. 
5. 



Steril 



in au 




13. Preparation of Lac|lse 
Lauryl Sulfate Tryp- 
tose Fermentation 
. Broth (LLSTB) 



Promptly remove from'^ auto- 
clave, tighten bottle\caps 
cool to ro^ temperatur^. 

7. Store in cool place. 

I . ' i 

1. Weigh 35.6 grams of dehy- 
drated Lactose Lauryl 
SuTfate Tryptose Broth. 
Close cover of bottle of 
dehydrated medium tightly 
arter removal , 

2. ^Dissolve in 1 liter d^is-^ 

tilled water. 

3. Place'^0 ml of the solu- 
tion of prepar^cj LLSTp irf 
each culture tube. 



3a. 



3b, 



ERLC 
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ip6 ml gr^dua^ed jj^linder ordinarily satisfactory, 
Pipetting machine desirable but not nlSindatory. 
Amount*' cannot be stated exactl^y, as sterilization 
evaporation differs from one aiutoclave to another 
Conmonly, aboyt 102 ml is required. 



5a. 15 minutes at 1210C. Use. "slow-vent" mode of 



7a. Dilution water ready for us6. May be stored 
inaefinitely in screw-capped bottles. 

la* Dehydrated liiedia* take moistui|^ out of air; 

can become caked, 
lb. Caked media unsatisfactory; should be discarded. 
Ic. Prepares 100 tubes (enough for 5 tests ba$ed on 
" 4 rows of 5 tubes each). ^ - 



2a. Gentle heat (no boiling) if necessary to com- 
plete dissolving medium. ^ # 

3a. Use 150 x 18 mm tubes. 

3b. 10 ml pipet, automatic pipetter, or funnel hose 

and pinchcock assembly are acceptable. 
3c. Accuracy of delivery: + 0.5 ml. 



V.^.12.3 

(P'>43)- 



V.A.12.4 • 
(p. 43) 



V.A.12.5 
(p. 43) 

V. A. 12.7 
(p. 43) ^ 



V. A. 13. 3b 

(p. 43). 



, 213 

Page No, 8-17 



Dilution Tube (MPN)* Method 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING ^ 
GUIDE NQTtS 



Preparation of Lactose 
Lauryl Sulfate Tryptose 
Fennentation Broth 
ilLSTB) (Continued) 



4. Insert one fermentation 
vial into each tube of 
medium, open ^d down . 

5. Place tube cap on each 
tube culture medium, 

6. Sterilize in autoclave. 



7. Cool medium to room tem- 
perature. 



8, Check pH of finished' 
medium. , 

9. If final pH not satis- 
factory, discard medium' 
and prepare new batch wUh 
pH adjustment before 
steril ization. 

10. Store medium in cool dar(c 
place.' 



4a. Tubes and vials previously washed as indicated 

A. 7. 1-4. 
4b. Use 75 X 10 mm tubes. 

9 

5a. After all tubes have been f tilled and have 
individu^J vial . ' ^ 

6a. Within 1 hour after medium prepared. 
6b, Sterilization at 121 C for •15 minutes, 
6c, Medium must be removed from autoclave as soon 
as possible after pressure has returned to 
^ normaT. Use "^low-vefrfc" mode of steam removal. 

7a. Medium ready for use when cool and individual 
vials are completely filled with fluid. No 
bubbles must be present. 

8a, Sf^buld be pH 8.8 - 7.0. 



9a. pH value ordinarily drops about 0,2 pH unit. 



10a. Not in refrigerator. Usually in laboratory - 

cabinet in darkness, 
10b. May be stored up to 1 weeR if evaporation not 
.more than 10%: 
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EFFhjgNT MONITORING PRO.CEOURF:. 



Fecal Col i form Test by the Multiple 
Dilution Tube (MPN) Method 



Of^RAtlNG PRCCEDURtS 



14. Preparation of EC 
,%3roth . 
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«TEP SEQUENCE ' 



1. Weigh 37.0 grams^of "dehy- 
drated EC Broth. Close 
cover of bottle of 
dehydrated medium tightly ^ 
after removal. \ ^ 

2. Dissolve in 1. liter dis- . 
ti 1 led water. 

3. Place 10 ml of the solu- 
tion of prepared EC Broth 

^ in each culture tube. 

4. ^ Insert 'one fermentation- 

vial into each tube of 
mt^ium, open end down . 

-*r,Place tube cap on each 
tube of culture medium. 

6. Sterilize in autoclave. 



7. Cool medium to room 
temperature. 

8. Check pH.of fini^d 
medium. 

9. If out of range 6.8 - 7.0 
discard and prepare again 
with prior <^djustment of 
'pH with IN NaOH or HCl . 

10. StoV^e 'medium in cool dark 
' place. 



INFORMATION/OPERATING G6ks/SPECIFICATI0NS 



^la. Dehiydrated media take moisturejDut of air, be- 

cgme^ caked, 
lb. Caked 'media. unsatisfactory; discard. 
Ic. Prepares 100 tubes; this is enough for four to 
, five tests. 



2a. Gentle heat if 'necessary. 



boiling. 



3a. Us.e 150 xA8 mm tubes^. * 
3b. lOynl pip^t'^utomatic pipetter, or .funnel hose 

and pinchcock assembly are- acceptable. 
3c. Accuracy of deliver + 0.5 ml 
4a. Tubes and .vials previously washed as indicated 

' in A. 7. 1-4. ^ . . ■ 

4b. Use 75 x 10' mm tubes. 



in- 



5a. After all tube%^ have been filled and vials 
^ serted. . 

6a. After all tubes ha.ve been capped. 
6b. Sterilization at 121 C for 15 minutes. 
6c. Medium must be removed from .autoclave as soon 
as pbssible af1;er pressure has retiirned to normal 

7a. Medium ready for u$e when cool .and individual 
vials are completely, filled with fluid. No' 
bubblfts must be pr/esent. 



8a. Should be pH 6.9, 



J 



9a. Before sterilization most media should be ad- 
^ jtjsted to Cl.2,pH units higher than pH v'alue * 
expected of the sterile medium. 

lOa.^Not in refrigerator. Usually in laboratory 

cabvnet-in darkness. 
TOb. May be stored up'to 1 week^ if evaporation not 

more than 10%. 



TRAINING 
GUIDE NOTES 
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No. 8-19S 



» ^ Dilution Tube (MPN) Method' 

' - ■ * ' •■ 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING COALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


15, Final equipfaent and 
supply check 


1. Check to be sure that all 
equipment and supplies, 
solutions, and prepared 
media are readynbefore 
starting sample examina- % 
tion. 

2. Make preparations or ad- 
justments* as necessary 
before starting' test. 


la. Check general list of equipment and supplies, 
lb. Each test requires (with 4 sample volumes per 
test) 20 tubes LLST^^^ 

10-1*5 tubes EC Br^th 

1 sample bott4^ 

1-5,1-ml pfpets, steNle; and 

1-3 99-ml bottles sterile dilution water 




B. First-day Procedures 
1, Equipment Maintenance 

1 

" 2. Sample collection 

• 


,1. Check, record, and adjust 
incubator temperature. 

2. Add water to pan in incu- 
bator as necessary 

1 . Collect sample. 

2. Record sampling informa- 
tion 

3. 'Transport sample to 

lai)oratory 


la. See A.l.T-6. 

la. Locations as selected by plant management. 

lb. Sampling methods as described in proceclyre 

''Sample Collection and Handling for Bacteriologi- 
cal Tests" or in Standard Methods. 

2a. Most plants have sample tag of some type which 
includes such information as date, time, placj^ 
of sampling, name of sample collector, artd other 
information as may be required. 

3a. Taken to laboratory without delay. 

3b. Saffmles iced if delay of startijig sample test 
is greater than one hour. Nofnore than 6 hours 
of transportation time Is allowed. ^ 
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- EFFLtlENT WONITORING PRQCEDURR : 
i 



Fecal Coliform Test by the>lult1'ple 
Dilution Tube (MPN) Method 



OPERATING PROCEDURES 



'B. First-day Procedures. 
(Continued) 

3. Preparation of 
\ laboratory data sheet 



ERLC 



STEP SEQUENCE 



1. Jill in data sheet to 
^ show sample ififormation. 



2. Select sample inoculation 
volunes. 



3/ Enter informaftion- in 
laboratory. data sheet to 
• %ho^ sample inoculation 
' volume for each series 
(row) of 5 tubes. 



I 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. Needed inform^ion should be or\ sample'collectioi 
tag. . - / 

lb. Most data sheets sbow at least source, date, 
time of collection, name of sandier, name of 
analyst, laboratory simple number assigned. 

2a. According to fecal col if om .density range pre- 

. dieted for the sanq)le. 
2b. For fecal coliforuis per 100 ml in the range 



from 

20 - 
200 - 
2,000 - 
20,000 - 



to inoculate S tubes each of ml 

1.0, 0.1, 0.01 o.opi 

O.J 0:01, 0.001 o.odbi 

.01 .001, .0001 .00001 
.0001, .00001, .000001 



160,000 
/ 1,600,000 
. 16,«00,000 
160,000,000 



.001 



2c. For chlor/lna'ted effluents, 1.0, 0.1, 0.01, and 
■ 0.001 ml Wample portions are reconmended. 

2d. For raw (untreated) sewage, use sample portions 
of 0.0001, O.OOOOL O.OOOOOl, and 0.0000001 ml. 

^e. For other waters, other combinations bf sample 
volumes may be required, particularly ^n en- 
vironmental-waters receiving raw or incompletely 

^ treated sewage. It may be necessary'to conducts 
exploratory tests. 

3a. Recommend showing sample inoculation volumes ii|.^ 
mVor decimal amounts. . ' 



TRAI-NING 
GUIDE. NOTES 



VII-.^B.3.1 
(p. 44) 



VII. B. 3. 2 
(p. 44) 



« 0 
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Dilution Tube ^(MPN) Method 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIRICATIONS 



TRAINING 
GUIDE NOTES 



B. First-day Procedures 
(Continued) 

4. Lab bench 
disinfection' 

5. Ass'embly and label- 
ing of culture medium 



6. Sample inoculation 
(with di lution as 
requ i red ) 
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1. Disinfect laboratory 
b&nch; wipe dry, 

1. Place 5 tubes of Lactose 
Lauryl Sulfate Tryptose 
Broth (LLSTB) in each of 
4 rows in culture tube 
rack. (20 total tubes) 

2. Isabel tubes of culture 
medium to show sample' 
number sample volume, ^ 
and position, of tube in 
the series of 5 tubes per 
sample volume. 

K Shake sample vigorously. 

*' , ^ . 

2. Deliver into the labeled 
LLSTB tubes the sample 
portions previously 
selected. 



la. Sponge and disinfectant; paper toweling. 

la. If more' than one Sample is being tested^ rack 
with 5 X 10 openi'ngs can be used to set up two 
tests. ^ ^ 



2a. Use labeling code. ' . ' ' 

2b. Label every tube. Only the experienced worker 

should take short-cuts in labeling. 
2c. Use. wax pencil. Soft wax equivalent to 
" Blaisdell 169T is suggested. 



la. At least ?5 shakes over space pf at least 1 foot 
in 10 seconds or less. ' 

2a. Use sterile' 1 ml /pipets. 



VII. B. 5. 2 
(p. 45) 



I. B. 6. 1.1 

(p-'3^) 

VII. B. 6. 2-3 
(p. 45) 
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Elj ^EWT HUtUTORING PHOCEDURF. : 



fecal Co11f«'rtn Test byj^e Multiple 
Dilution Tube (HPN) HeUcd 



• OPERATING PROCEDURES 



STEP SEQUENCE 



I MFORMAT I ON/OPERAl I NG GOAL S/ SPEC I F.I CAT IONS 



TRAINING 
GUIDE NOTES 



B. F1rst*day Procedures 
(Continued) 



Each tiBie & sample di<' 
kitlon Is prepared, shake 
vigorously, as with the 
Original sample. 
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2b. Table of sample portions 



4 To get 



Deliver 



From 



1.0 

0.1 

Q.Ol 

0.001 

O.OQOl 

0.00001 ■ 

0.000001 



10) 

100) 

1000) 

10000). 

100000) 

1000QOO) 



(bI ) [(sample preparations) 



1.0 
0.1 
1.0 
0.1 
1.0 
0.1 
1.0 



original sample 
original sample 
1:100 dilution 
1:100 dilution 
1:100e0 djlutjon 
1:10000 dilution 
1:1000000 dilution 



2c. Dilujtions of original samples 



To get 

1:100 
1 : 10000 
1:1000000 



Deliver to 
99-wl blank 

1 ml. 
. 1 ml 
1 ml 



From * 

original sample 
1:100 dilution 
^ 1:10000 dilution 



3a. At least 25 shakeS over space of at least 1 foot 
in 10 seconds or less* 



225 



' Pnno No n-?l 



' EFFLUEflT MONITORING PROCEDURE : feca/coHform Test by the Multiple 

OllStion Tube (MPN) Method 



OPERATING PROCEDURES 


STEP SEQUEHCE ' 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOJES 


7. Incubation 

8. Processing used 
glassware ^ 

9. Lab bench 
disinfection 


1. After completion of sample 
Inoculation Into LLSTB, 
shake rack of cultures 
gently.' 

2. Pl^ace T%ck(s) of cultures In 
Incubator. 

1. Drain Sample bottles, 
dilution bottles, and pipets 
Into sink. 

2. Wash'fnd dry bottles, pipets. 

1. Disinfect' laboratory bench 
top; wipe dry/ 


la. Mixes sample with culture medium.' 

lb. Avoid shaking air Into fermentation vials. 

2a. 24 hours + 2 hours at 35 + 0.5°C * 

t 

la. Sterll Izatlcyi unnecessary. 

2a. Meets jDrlglnal cleanliness requirements of 

glassware. ' • 
2b. Glassware ready for reuse. 

la. Sponge, disinfectant, paper toweling. 


/ 

ff 

> 


4 

C. 24-f)Our Procedures 

1. Equipment. . 
malnterlence 

2. Disinfection 

' 3. Reading and record- 
ing of results. 
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1. Check, record, and adjust 
incubator temperature. 

2. Add water to pan In Incu- 
bator as necessary. 

1. Disinfect laboratory bench 
top; wipe dry. 

1. Remove rack(s) of culture(s) 
from Incubator to lab bench. 

2. Shake culture rack gently. 


■> » 
la. See A. 1.1-6 

% 

la. See B.4.1 

% 

2a. Jastens release of gas In supersaturated cul^tures. 
2b^^st not shal^ air Into fermentation .vial s. 

* 


F 
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EFFLUENT MONITORING PROCEDURE: 



Fecal Coliforin Test by the Multiple 
Dilution Tube"(MPN) Method 



OPERATING PROCEDURES 



STEP SEQUENCE 



I NFORMAT I ON/OPERAT I NG GOALS/SPEC I F I CAT I ON S 



TRAINIKa 
GUIDE NffES 



4. Transfers 



•228 



Examine each tube for gas 
production and record*^ re- 
sults on data slieet. 



1. Label and assemble tubes 
of EC Broth. 



/ 



Transfer each gas-positive 
tube of LLSTB to a labeled 
tube of EC Broth. 



3. Place each inoculated tube 
of EC Broth ^in a separate 
rack, in same relative 
position as original gas- 
positivq LLSTB tubes in. rack, 

4. After, each transfer, place 
original positive LLSTB 
tube in "discard basket. 



3a. If present, gas will be trapped in the fermenta- 
tion 

3b. Gas in any quantity, is a positive test. 

3c.' Vials wTtn no gas are a negative test. 

3d. Each result appears on line corresponding with 

the tube label . / 
3e. All results affpear under the "24" of the LLSTB 
- column. 

3f. Plus sign (+) means a gas-positive tube. 
3g. Minus sign (-) means a gas-negative tube. 

la. One tube for each LLSTB ^as-positive tube, 
.lb. Each EC Broth tube label corresponds with label 

on gas-positive LLSTB tube. 
Ic. Labeled EC Broth tubes assembled in a culture - 

tube rack in sam^e relative position as gas-' 

positive LLSTB tubes in >heir rack. 

2a. Label on inoculated tube of tC Broth is the same 
as the label on the tube of LLSTB from which the 
transfer is made. 

2b. 3-mm inoculation loop. 

2c. Loop flame-sterilized before u$e and between 

successive fV^ajisfers. 
2d. One loopful per transfer. 



Ill 

i(P 



.0.3.3, 

39)^ 



VII. C^. 2. 
III.C.4.2 
(p. 40) 
(p. 47) 
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• . Dilution Tlibe (MPN). Method 




©PERATIHG PROCEDURES 



■ 5, Processing discarded 
cultures. 



6. Disinfection 



STEP SEQUENCE 



5. Return^negative LLSTB cul- 
tures to 35 C incubator. 

ef^lace ^.e separate rack^pf 
newly Inoculated EC Broth" ^ 
tubes 1n water bath * 

, Incubator. , » • 

l.^.Sterlltze discarded LLSTB 
tubes. ' 



2. Remov'e all labels from 
Culture tubes .• - 



» 



•3. Empty sterilized cultures- 
into sink. 

4. Wasti and dry culture tubes, 
fermentation vials, and 
tube caps. 



1 .' Disinfect laboratory bench 
top; wipe dry: 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



5a. An additional 2^ + 2 houf^s at 35 + 0.5 C. 
5b. Rack should contain ^^^11 LLSTB. gas-negative 

6a.^ 24 + 2 hou^s at 44.5 + 0.2^0. 
6b. Must be put in incubator j^i thin 30 minut^gs 
transfers have been m^e. 

la. ^Autoclave: 15 minutes at. 121^0. 

2a. Best done'while still warm after autoclave. 



,tubes. 
after 



.jEe 



4a.jjEets original cleanliness requirements of 
lassware. 

4b. Tu^s and, caps ready for re^s/. 

la.- Sponge and disinfectant; paper toweling. 



D. 48- hour Procedure^ 

'1 . Equipment 
Mairvtenance 



2. [L1stnf^t?^(^ 



1. Check, record, and adjust 
• incubator temperatures. 

2. Add water to pan tn 'incu* 
bator as necessary. \ 

]. Disinfecflab bench top; 



Wipe dry. 



2'3L 



•EMLUE#MON|rO 



RING PROCEDURE: 



Fecal Conform Test by ^ Multiple 
Dilution Tube (MPN) j^hod 



OPERATING PROCEDURES 



3. Reading and record Inc 
. of r'esults 



4. transfers 
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STEP SEQUSKTe 



1. Remove rackU) .of .culture(s) 
from Incubators to Tab bench, 

2. Shake culture rack{s) gently , 

3. Examine each tube for gas 
production and record re- 
suJts on data sheet. 

1. Label and assemble tubes of 
EC Broth. 



2. Transfer each gas-positive 
tube of LLSTB to a labeled 
tube of EC Broth. 

3. PI ate ^nocu lasted tubes of 
Broth in a separate, rack. 

4. 'After each transfer, place 
LiSTB tubes in discard' bas- 
ket. \ 

5. After al-1 transfers are com- 
. pleted, place all 48-hour 

gas-negittve tubes of USTB 
\ and arfl 24-ho(ir tubes of EC 
Broth In the discard basket. 

-Place. newly inoculated EC 
Broth cultures (if any) in 
water bath incubator. 



IWORMAJION/OPERATIRG GOALS/SPECIFICATIONS 



3a. 



LLSTB tubes will be recorded under the "48" on 
the LLSTB column. 



la. Corresponding with gas + LLSTB tubes at 48 hours. 

lb. One tube for each new LLSTB gas + tube. 

Ic. Each ^C Brolh tul^e label corresponds; with label 

on a gas-positive LLSTB tube. 
Id. Labeled EC* Broth tubes assembled in a separate 
. ^culture rack in^same relative position as gas- 
„ positive LLSTB tubes in rack. 




'5a. No furth^ testing -of 48-hour gas-itegative LLSTB 
tubes 6? of any tubes o? EC Broth. 



1 



TRAIKiriG " 
GUIDE NOTES 
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EFFLUENT MONITORING PROCEDURE: Fecal Col 1 form Test by the MultipTe ^- - 

- Dilution Tube (MPN) Method ' ' 


OPERATING PROCEDURES 


STEP SEQUENCE ^ 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


5. Processing discarded 
tubes of media. 

6. Disinfection 


6a, (alternate) If no cu?tures 
remain to be returned to 
incubator, proceed^ to 
"Interpretation of Test 
Results" and co.ntlnue as 
directed. 

1. Sterilize discarded media. 

2. Remove all labels from 
cul ture tubes. 

3. Empty sterilized cultures 
into sink. 

4. Wash and tfry culture tubes, 
'fermentation vials, and 

tube caps. 

1. Disinfect laboratory bench 
top; wip#dry.^ 


1 

i 

0 

•> 

u 

* 

It 

i . 


f 

1 ' 


E. 72-hour Procedures 

1. Equipment 
maintenance • 

- / 

2. Dis1f\fect1on \ 

3. ^ead^m and rect)rd- 

ERIC ^'^If ^ 


1. Check, record, and adjust 
incubator temperatures. 

2. Add water to pan 'in incu- 
bator as necessary. 

1. -Disinfect lab bench top; 
wipe dry; 

A\ Remove rackfs) of culture(s) 
from water bath incubator to 
lab bench. 


f 

. 4 

• 
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EFFLUENT MONITORING PROCEDURF : ^ecal Col i form Test by the Multiple 
* ' ^ . Dilution Tube (MPN) Method 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



E-. 72-hour Procedures 
(Continued) 



4. Processing discarded 
tubes of media 



5. Disinfection ^ 



2. Shake culture rack(s) 
gently. 

3. Examine each tube for gas 
production and record re- 
suits on data sheet. 

4. Place- all tubes of EC 
Broth 1n discard basket. 

1. Sterilize discarded tubes 
of media. 

2. Remove all labels from 
tubes. 

3. Empty sterilized t^bes 
into srt)k, 

I 

1. Disinfect lab bench top; 
wipe dry* 



F. Interpretation of 
test results (Con- 
tinued) 



1- Determine number of EC' 
Broth gas'positive tubes 
for each group of five 
tubes of equal sample 
volumes. 

2. Write the numbers in the 
^ data sheet. 



la. Assume, for instructional purposes, 

5 positive 1st row 

5 positive 2nd row 

2 positive 3rd*row 

. 0 positive 4th row 
» 



ERIC 




II.F.l 
(p. 37) 
II. F. 2 
(p. 37) 
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EFFLUENT MONITORING PROCEDURF : Fecal CQliform Test by the Multiple 
£ , Oi^ution Tube (MPN) Method 



OPERATING PROCEDURES 



F. Interpretation of 
test results (Con- 
' tinued) 



STEP SEQUENCE 



3. Select the 3-digit code 
which applies to the 
nurrter of gas-positfve 
tubes of EC Broth. 



took uB and record on the 
data sheet the MPN Index. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



3a. In a test involving 4 sample volumes this will 
be based on rows 1, 2, 3, ojr on rows 2, 3, 4; 
and 

3b. If all tubes are positive in rows 1 and 2, then 
the 3-digit code is based on rows 2, 3, 4. 

3c. In all other cases the 3-digit code is based on 
rows 1,2,3. 

4a. For the given example the location of the MPN 
index is shown by the arrow based on the 5-2-0 
code. 



No. of Tubes Giving Positive 
Reaction out of 

^ • 


' MPN 

Index 
per , 
. 100 ml 




5 of 10 
ml Each 


5 of 1 
ml Each 


5 of 0.1 ' 
ml Each 


5 


1 


0 


33 




5 


1 


1 


46 




5 


1 


2 


63 






2 


0 






- . 5 . 


2 


1 


70 




5 




2 














A 



ERIC 

hiiiiffliirnrfTiama 
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TRAINING 
GUIDE NOTES 



II. F. 3 
(p. 37) 
(p. 38) 



II. F. 4 
(p. 3Z) 

II. F. 5 
(p. 38) 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



F. Interpretation of 
test results (Con- 
tinued) 



5. 



Divide the MPN Index by 
the number of ml of sample 
represented by the middle 
digit of the MPN Code. 
The number obtained is the 
,MPN (Most Probable Number) 
per 100 ml of origfnal ' 
sample. 

Record th^ calculated 
Total Col i forms per 100 ml 
on the laboratory data 
sheet. 



ft 



RESULTS: 

Fecal Col i form MPN 
4900 



II.F.6 

(p. 38) 



G- Reporting of results 



1. Report results as pre- 
scribed undeK NPDES or 
other regulatory require- 
ments. 



la. Report Geometric Mean 

Itf. See procedure for calculating Geometric Mean 
* described elsewhere in these instructions (EMP 
units). 
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Effluent Mbhitoring Procedure: ,Feca.1 fQtjform Test tire ^Multiple 
, ^ . ^ . ' Dilution 'Tube-(MPN) Method ^ 

• ' • TRA INING "ajrOE^ "'^ 



SECTION ' ; V * TOPIC ^ :/ 

I*r . Introduction 
/ ^ - tducational Concef^ts - Mathematics 

III* _ I • f> Educational Concepts- - Science 

IV ' ' Educational ConceR3BBommunicatio/is 

, '^^^ ^ Laboratory lEqu lament 

VI* ' Field & Laboral-ory Reagents 

VII* - • -field & Laboratory 'Analyses 

Jll SaT^y ^ ^ ^ 

IX [Records -and Jleports 



'V* 



^6 




• * ■ y 

*Training guide matBfiaU are firesentfed here under the headings marked 
These standardized headings are used through this series of procedures 



^EFFLUENT MONlfORING PROCEDURE: 



Fecal Coli-form Test by -tjhe Multiple 
Dilution Tube (MPN) Method 




imTRODUCTION 



Section I 



r^AIjuNG SUITE rjOTE , 



REPrRENCES/^RESOURCES 



3.6.1.1 




These MPN methods for determinino h^ctprial nuirbe^ 
are based on the ^ssur^ption that^ihe bacteria can 
i)e separated from o'ne aViBM^er (b^ shaking or other 
means) resulting^in a sus^ei^ts ion .of individual " 
bacteri'al calls, un.iforij^ly distributed through the 
ori^ginal sample when tne pjrimary inoculation is 
made. . / - 

• , - ' ^ . 

Test procedures are Based. on certain fundamental 
'assumptions ' • * . 

a. First; even if only 'one living, cell of the 
t^st' organisms is present in the sample, it 
will be able to grow when introduq^ into th§' 

* primary inoculation medium; • p 



Second, growth of the test organismjn tthe^. > 
culture medium will produce a result which> 
indicates preseace of the test organism; and; 

Tbird, umj^nted organisms will 
if they do grow, t^ey will not 



1 



10 r wi Tl 



not grow, or 
1 imi t growth 
they produce 



of the test organism, ai 

growth effect;s that wj^fl ' be -confused wltji^ those 
of - the bacterial grqu::| fof which the^te^t is'^ 
designed. 



t 




O ge No.- 3-34' 



I. 





4 



1/ 



ErF.LUETiT.J40N KQP I NG . PROCEDURE : Fecal Coliform Test by the Multiple 
• , ■ Pilution Tube (MPN) Method 



- EOUCATIONAL- CONCEPTS - MATHEMATICS 



SECTION II 



.IRAINTNG guide TIOTE- 



REFERE^iCES/RESOURCES 





' . .0 

.0 



Table of Most ProbabU Numberg'".(MPM) 



No of Tli^s Giving Positive' 
Rea,cti.oh out. of 



5 of la 

ml Each- 



0 

0. • 



2 
2 
2 
2 

■ a 

.2 

■r 
s 

3 
3 
3 
3 
4' 
4 
4 
4 
4 
4 



5 of 1 
ml Each 



0 

■ 0 
1 
1 
2 

0 

0. 

>■ 
J 

2 
3; 

0 - 

- 0 

•r 

r 

2- 

3 . 

0. 

0 

1 

1 

1 

2 

2% 

3- 

■ 3 



a 

0 
'0 



5 of 0.1 
ml Each 



0 
1 

0 
0 

0 

1 

0 

1 

0 

o' 
1 

' • 0 

1 

■fl 

0 

0 

f 1 , 

.0 

* 1 

0 

" 1 

0 

' 0 

1 



0 - 

1 

2 
0 

1 

0 

1 



MPN 
Index 
per 

100 ml 



<2 
2 
2 
4 

2 
4 
4 
•€ 
6- 

5 
7 

. 7 
9 . 

9 

12 , 
11 

■11 ■ 

14 . 

14/ 

17, 
'17 

13 

17 
.17 

21 

26 

22 

26 

27 

33 

34 

23 
31 
43 • 



I 



EFFLlli lNT m6n I TOP Kir. PPOCjmj ' •Pecal Coliform Test by the Multiple 

~ Dilution Tube (MPN) Method . 



&DUCATIONAL CONCEPTS'- MATHEMATICS 




V SECTION II 



TRMM'; 



Tablj^ of Most Probable Nurrbers (MPit) 



No.' of Tubes Giving Positive 
Reaction out of 



5' of 10 
ml Each 



5 

5 > 



5 of 1 
ml E^ch 



♦ 5 

5 
5 



5 of 0.1 
ml E^h 



MPN* 
Index 
per 

lOG ml 



i6 



49 
70 
94 

79 
1 1 0 
140 

150 

l/n 
220 
280 
350 
24 n 

350 
540 
920 
_ 1 6^0 
;?4on 



17 






iEFFLUENT HdNITORING PROCEDURE : Fecal Coliforjn Test by the Multiple 
^ " ■ Dilution Tube (MPN) Me^od , 



EDUCATIONAL CONCEPTS - MATHEMATICS 



■Section II 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



F.l 





F.2 



F.3 




ERIC 



For purely qualitative aspects of testing for 
'-indicator organisms, it is convenient to cO(^si(ftr ' 
the tests applied ta one sample porti.ori, inoculated 
into a tube of culture medium, and the follow-up' 
examinations and tests on results of the original 
inoculation/ Results^ testing procedures are 
definite: positive (presence of , the organism-group 
is demonstrated or negative (presence of the or- 
ganisrf-group -is no.t demonstrate^. 

The combinatiW-of positive anJ negative results 
is used in -an application o^ probability mathe- ^ 
matics to secure a single MPIt value for the sample. 

To oblSin MPN valued, the following conditions 
must be met: 

a. The testing pr^)cedure must r^^ult in one or 
more tubes 'in which the test ohganism i_s demon- 
strated to bfe present; and- " ^ ^ ' ' 

b. The testing procedure must result in one or 
more tu^es in which "the test organism is not 
demonstrated to^ be present. ^ 

The MPN value for a given sample is obtained 
through the use^of MPN Tables. It is emphasized 
that the precisioruof an individual MPN value is 
not great when compared with most physical or 
chemical determinations. 

Standard practice in water tests made by this 'or- 
ganization is to plant five tubes in each of a 
series of sample increments, in sample volumes 
decreasing a*t decimal intervals. 

As an^example, assume that all tubes .were positive- 
f^ a sample portion of 1.0 ml, all five tubes 
were positive pn the portions of 0.1 ml, two of 
the five 0.01 ml portions were positive, and'none 
of the five jO.OO ml portions were positive. 



I. 



The numbers. 
5-5-2-0.' 



on th^ above example, would be 



1. Pursuing the above examp^le, the code would be 
- 5-2-0. 



IMS 



Page -No. B-37 



EFFLUENT MONITORING PPOCE DORE. 
—■ 



Fecal Coll form Test by the Multi-pie 
Dilution Tube (MPN) Method • 



EDUCATIONAi: -CONCEPTS."- -MATHEMATICS 



Sectio'n II 



*PA!M.NG SUICE NOTE 



REFERENCES/RESOURCES 



^ 3 (Continued) 2. Selection of codes 1 s/some times conp-l 1 fated. 



7 



Std. Meth. 14-923 ff 



F.4 



\ 



For further infornation study^jtrainmg guide 
notes and .ci'ted references. 

Appears on MPN Table (attached ^o this Section) 

2. Pursuing, the above example, the MPN Jndex for 
''^PrCode 5-2-P would be 49. 

1. As indicated above, "^he niiddle digit is 2; and 
it represents d samplp portion of 0.01'ml. yAn 
/•^PN 'Index of 49 divided by 0.01 is 4900. 

' The Fecal Co1ifor:-s per^lOO "^1 would be recorded - 
' as 4900. 





Q "^age No. 3-38 




EFFLUENT MONITORING PRpglPURE: 



Fecal Coliform Test by the Multiple 
Dilufion Tube (MPN) Method 



£DUCATIONAL CONCEPTS -.SCIENCE' 



Secti.on 



TRAINING GUIDE NOTE. 



■.REFERENCES/RESOURCES 



C.3.3 





ERIC 

hminniBTirrTuma 



inter^pre'tatkin of results on ILSTS: 

Development of gas in this medium indicates that 
the lactose ha$ t>een fermented. Fermentatiori of 
lactose with gas production is a basic characteris- 
tic of coliform bacteria. To meet the defination 
of coliforms, gas must be produced from lactose 
within 48 ho^4rs after being/placed i.-n the incubator. 
If a cuUure develops gas only after mor e than 48 
hours incubaticxn, then, by definition^ ft is not a 
eol iform . 

Meeting p^ev^iously discussed "assumptions (See 
--B.G.l.l) usually mak^s it necessary to conduct the 
tests in a series of stagesr. 

Features of a full, rnul ti-sta.ge test: 

a. First stage :* The cultur*e medium usually serves 
primarily as aa enrichment medium for the group 
tested. A good first-stage growth mediyri shbiild 
support growth of al 1. the livi-ng cell sot the 
group tested, and it shojjld include provision 
for indicating the 'presence of the test organism 
being studied. A fi|^st-$tage medium may include 
some component which inhibits growth of ex- 
traneous bacterid, but this* feature^ never shouki 
b3 included if it also'.inhibi ts growth of any 
cells of the group fqr which the test is de- 
signed. The Presumptive* Test^for the coliform 
/ group- IS a good ''ex'ample- The"1tl^dium Supports 
- growth, 'presumably, of all living cells of the 
coliform group; the culture contai ner- has a . 
fermentation vial for demonstration of gas pro- 
duction resulting from lactose" fermentation by 
coli'form bacteria, if present; and sodium lauryl 
sulfate may be included in one of the approved 

^ media for suppression of growth of certain non 
coliform bacteria. This -additive appaVently has 
no adverse effect on growth of members of the 
coliform group in the concentrations used* If 
the result of the first-stage test is negative',^ 
the study of the culture is terminated, and the 
result IS recorded as a negative test. No fur- 
ther stildy .is made of negat-i^ve tests. If the 
result of the first-stage test is positive, the 
culture may be subjected to further stM,dy to * - 
verify the findings of the first stage. 
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EFFLUENT MONITORING PROCEDURE 



Fecal Colifomi Test by the Multiple 
Dilution Tube (MPf^)- Method 



EDUCATIONAL CONCEPTS-.- SCIENCE 



S«4tiofi III 



rPAINING JiillDE NOTE 



REFERENCES/RESOURCES 



C.4.2- 



Transfer of gas-positive LLSTB Tubes, to EC Broth: 

This IS don^ in order to find out if the organisms 
which produced gas from the lactose in LLSTB also 

^an produce gas from a slightly different culture 

^^dium (it also contains lactose), and can do so 
at an elevated temperature (44.5 + 0.2C.) in a 
water bath. Practically all ciJflifonns which came 
frop intestinal washes are able to produce gas f)*om 
lactose at the elevated terT-iperature of th^ second 
medium; and practically all bacteria which produce 
gas fr^lh lactose, but which do not come directly 

'from i.ntestmai '»*a5tes, are unable^to perform at 

- elevated temperature. 




A 
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. EFFLUENT MONITORING PROCEDURE : Feca'l Coliform Test by the Multiple 
' Dilution Tube (MPN} Method 



FIELD- AND LABORATORY EQUIPMENT AND SUPPLIES 



Section 



A. 1.1 



A. 1.2^ 



A.l .3 




A. 1.5 



A.l .6 



A. 3. 1-5 



/ ..A, 4.1 



ERIC 



TPAI&UNG GUID^ NOTE 



Incubator should be kept out of drafts or direct, 
sunlight in order to prevent temperature inside 
the incubator from changing outside the tQ^npera- 
turn range specified (35 0.5 ). 



REFERENCES/RESOURCES, 



Power supply should be selected so thS-t there won't 
b^^oo many piece.s of equipment on th^ same cir- 
c^t. ^Otherwise, circuits will be blown repeatedly. 



Mercury bulb thermometer usually used in most incu- 
bators. Recording thermometer is acceptable, but, 
M should be calibrated against a mercury bulb 
thermometer which has been certified by National 
Bure«u of Standards. The NBS certified thermo- 
meter always should be used with its certificate 
and correction chart. 

f 

Saturated relative humidity is required in order 
to make the incubation more efficient (heat is 
transferred to cultures 'faster than in a dry incu- 
bator), "furthermore; culture medium may evaporate 
too fast in a dry incubator. 

Allow enough time after each readjustment to per- 
mit the^mcubator to stabilize before making a 
new adjustment. At least one hour is suggested, 

Incubator temperature can be held to much tlo^r 
adjustment if operated continuously;. Temperature 
records should be kept in 60me form of permanent 
record, A temperature record book is suggested, 
If a recording thef'mometer is used, the charts^^ 
be f:ept/as p.ermanent record; if so, be sure tmr 
the charts are properly labeled to identify the 
incubator and the perio.d covered^ 

Si nee ^electri c sterilizer will be operated inter- 
mittently, care should.be taken that it is on a 
circuit which will not be overloaded when it is 
turned on. 

Autoclaves diffar greatly ^n design and in method 
of operation. Some are almost like home-style 
pressure cookers ;_^thers are almost fully auto- 
matic. This is a subject which requires separate 
instruction; and should be related to the'exact 
make and model of equipment you will use in your 
own laboratory. 



o n 

^ 



Standard Methods for the 
Examination of Water and 
Wastewater , 14th ed,f1975) 
APHA, WPCF, AWWA, p. 880 
(Hereafter referred to as; 
Std. Meth. 14: (page no. ) 



Std. Meth. 14.881 



Std. Meth. 14:881 . 



faqe Uo. S-41 



EFFLUENT MONITORING PROCEDURE 



Fecal Coliform Test by the Multiple 
Di lution Tube (MPN) Method 




FIELD AND LABORATORY EQUIPMENT AND SUPPLIES ^ 



Section 



A. 5. 1-2 • 



A.6*/ 



A.7.1-4a 



Ar7.1-4b 



,10.1-6 



A. 11 .1-6 



TRAINING GUIDE NOTE 



Distilled, water in a bacteriological Idboratory 
'must not contain substances whic^i will prevent 
any bacteria from growing iru culture medium-in 
which the distilled water is used or will be highly 
nutritive. There are procedures for testing q^alc 
ity of dis-tilled water, but these should be under- 
taken only by professional bacteriologists or in 
laboratories where this is done regularly. Use 
only fl«ss stills or block tin lined stills. 

pri Meter: see cited reference 

Glassvfare: See cited reference on pi pets and ' 
^gradua*ted cylinders, media utensi>s, b9ttles. 

Glassware can be checked for bacteriostatic Sr"^-*^ 
hibitory residues by a bacteriological test pro- 
cedure whic^, I'ik'e th^e distilled water suitabi'lity 
test, should be undertaken only by prgfessignal 
bacteriologists or ixi laboratories where this te^t 
IS done on a regular basis. 

Sample bottles: 

Wide-nouthed glass-stoppered bottles suggested, 
but other styles acceptable. , 

If glass-stoppered bottles are used'^^ strip of 
paper should be placed in the neck of the bottle 
.before placing the'stopper in place in preparation 
^or steril vation. This prevents "the glass stopper 
from "freezing" in place dun ng- steri 1 1 zat ion. The 
paper ^-np is discarded at the tine^of sample* 
collection. 



REFERENCES/RESOURCES 



Std. Meth. 14:645-49 
. - 14:888-891 
Training Manual (EPA) 
Current Rractices in ^ater 
Microbi ology 



Std. Meth. 14 •882 
S'td. Meth'. 14:882-885 




Std. Meth/ 14:884 
14:904 



Pipets • 



This procedure is described in terms of» reusable 
glass pipets. However, srngl e-ser^^l ce prepackaged 
glass or plastic pipets may be purchased and used. 



1 f preferred 
pipets, they 
used one ti 
' Accordingly 
regard any 



^^kni 



case of use of si ngle-servi.ce 
be' sterile when purchased, are 
nd discarded immediately after use.' 
he step-by-^p procedures dis- 
ctions aboi^firepa rati on of pipets 




for reuse in case o^ usi no^pngl e-servi ce^pi pets . 



or 3e'No. '^M \ 

ERIC 



Std. Meth. 14-882.-883 





FFLUENT MONITORING PROCEDURE: 



Fecal Coliform test by the Multiple ^ 
Dilution Tube (MPN) Method 



- FIELD AND LABORATORY EQUIPMENT AND SUPPLIES 



Section 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



A. 11. 7 



A. 12. Id. 



A. 12. 3 



A. 12.4 




A. 12. 5 



A. 12. 7 



A. 13. 3b 




ERIC 



Passing the^ened can of pipets through "a flame 
burns off excess cotton wisps sticking out of the 
mouthpiece of the pipet. If this is not done, it 
is almost impossible to control sample measurement 
accurately. ^ - 

See cited reference. In time, this solution will 
become mold-infested. At time it should be 

discarde^ and a new stock ^olut4^n prepared. 

Dilution water preparation^ • ^ 

Measurement of dilution water into bottle with a 
100 ml graduated cylinder is time-consuming, but 
effective. An automatic pipett'ing machine can be 
considered a luxury. But is a real time-saver. 

If caps'are not placed on bottles of dilution water 
loosely, they may crack in autoclave; furthermore, 
steam will not b^ able to get in contact with the 
material being sterilized. After sterilization, 
tightening caps on bottles of_distilled water will 
permit them to be kept for long periods. 

Always pack material loosely and away from walls, 
m autoclave when preparing to sterilize. Steam 
must flow freely around materials being sterilized. 

ft 

If water should evaporate noticeabh' or become 
contaminated by microbial growth, nie bottle of 
di sti 1 1 ed' water should be discarded. 



Funnel 




Funnel, Hose, and 
^ Pinchcock Assembly 



Pinchcock 

Hose 
^ 1 a s s T u b-G 

NOTE - Unit need mot be 

steri 1 e for medi um 
del i very only 



Std, Meth. 14:392 
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EFFLUENT nONITOP.nir. PPOCEDURr. : Fecal CoUform Test by ttie Multiple 
' Dilution Tube (MPN) Method 



FIELD AND LABORATORY ANALYSES 



B.3.1 



B.3.2 



TRAT!!i;,n r.!jiD[ :;' 



There is r>o such thing as a "standard" data sheet 
for bacteriological te/ftSs A simplified data sheet 
is shown belov/: / 

^Ip this procedure, it is reconimended that the worker 
learn to select a series of 4 sample volumes in de- 
creasing amounts as indicated. 

It is possible to use as few as three '^sampl e volumes, 
but often the worker will fail to get a measurable 
result, tin the other hand, one could have 5, 6, or 
even more sample volumes in decreasing amounts. 

Fecal Col iform Test 
Multiple Dilution Tube (MPN) Method 



Sample Type 
Station 



tab. No. 



Col 1 ection Date 
Received 



Description 

^Time APM. Temp 

AM. 

PM. Exami ned 



AM 
PM 



Observations 



Amount 

Sample 

ml 



Prejumf ve 

u 



24 hr 48 hr 



Fecal 



24 hr 



No. 
Pos 

EC 



. SFr.TinN VTT 



RFFERENCFS/RESOURCES 



-4r 




8-44 



Results : 

Fecal 



col 1 form MPN 



C55 




'EPFLUEfilT MOrilTOniNG PROCEDORE: 



Fecal Col iform Jest by the Multiple 
Dilution Tube (MPN) Method 



FIELD AND LABORATORY ANALYSES » 



SECTION VII 



TRAINING GUIDE flOTF 



RCFERENCES/RESOURCES 



B.5,2 



it 




ERIC 



Suggested laAeling code for tubes: 



'1. Every tube shows the laboratory bench number 
(323 in example shown on sample data sheet). 

2. Below the laboratory bench number on each tube 
will be found a coded symbol which represents the 
sample volume a-nd the tube of each series of five, 
Thus: 

Sample volume, ml Tubes are' label ed 



1 .0 

0.1 

0.01 

0.001 

0.0001 

0.00001 

0.000001 

0.0000001 



a , b , d , d , & • 

a, ^, c_, d_, e, 

Ta , lb, 1 c , Id ,\ 1 e 

2a, 2b^, 2c, 2d, be 

3a, 3b, 3c, 3d,>i3e 

4a, 4b, 4c, 4d, 4e 

5a, 5b, 5c, 5d, 5e 

6a, 6b, 6c, '6d, ee 



etc, , etc. 



For example, a tube might look something like 
this,^to represent sample No. 323, with the 
middl^tube of a series of five, representing 
0.1 n>l: 



323 
C 
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EFFLUENT MONITORING PROCE-DURE: 



Fecal Coliform Test by the Multiple 
Dilution Tube (MPN) Method 




FIELD AND* LABORATORY ANAL^SES^ 



Section' vi I 



TRAINING GUIDE nAT 



REFERENCES/RESOURCES 



B,6.2-3 



Mul tiple cM lution tube *tQsts for Quantitative de- 
terminations apply a Most Probable Number (MPN)' 
technique^ In this procedure one or more measure<l 
portions of each of a series of decreasing sample' 
volumes is inoculated into the first-stage cultlire 
medium. Through decreasing the sample increments, 
eventually a volume is reached where only one cell 
is introduced into some tubes. Each of the several 
tubes of sample-inoculated first-stage medium is 
tested independently, according to the principles 
described. 

Sample dilutions and inoculations: See Figure 2 as 
another way to represent sample dilution and inocu 
lation. Note that sample dilutions are made as 
needed duri ng the inoculation procedure; they are 
not made up before starting to inoculate tubes of 
culture medium. Bacteria shall not be suspended 
in any dilution water for more ^han 30 minutes at 
room temperature. 




aiAIlC;\ OF Dri/UTIC;NS 



DcUvf^ry volurr.<^ 






Artuil voium** 

of b<irTipl( Ln lube 



FViri lJi»n._h or Cv^lturL Tubes 
0 I mi G 01 ml Q 001 tt,1 



0.0001 ml 0 OOOOl ml 
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FFLUENT MONITORING PROCEDURE: 



E: ■ Fecal Col iform Jest tCN^e Multiple 
7 Dilution tube ,(MPN) *.thod . 



FIELD & LABORATORY ANALYSES 



Section- VII 



C.4.2 
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TrfJisfers o^^ 



TRAINING GI^IDE. NOTE 



4^ 



. LLSTB , ; . . 

Transfers can be made, ^ indicated, with^a-wire^ 
loopihaving a diameter of at least 3 mm. An ✓ 
dUeno^te method ef transf^l^ authoHze?^ the tise of 
an "applicator, stfck"' which 1^ a single service 
hafdwood transfer device.* Its dimensTons are- 0.2 
to" 0.3 cm in diameter and 2.5 cm loftger_tJ||^the 
test tube used in the analysis. The term $^1 e 
service denotes that the stick is pre-sterilized 
and used for a single transfer (.LLSTB to EC) and 
then discarded in the pan containing disinfectant 
and a new sterile stick used for the next tube to 
transferred. Use of this'^tick techniqj^' makes 
the gas burner unnecessary for the transfer^process 
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REFERENCES/RESOURCES 



Std. Meth. 14:922 

4 
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EFFLUENT flONITORING PROCEDUpE: Fecal Coliform TesfWsy the Membrane 
'. • Filter Method 

This Procedure was developed by: " * 

NAME ' Rocco Rus$omann6 - 

ADDRESS . EPA, OWPO, NTQTC, Cin^nnati , Ohio 45268 

POSITION' ^ Microbiologist-Instructor" - ' 

EDUCATION .AND' TECHNICAL BACKGROUND^' 

'J B.S. - University of Massachusetts 

5 years Envorcemef*it Action, Raritan Bay Project, PHS & DI 

^ 10 years Instructor, 

NAME Harold L. Jeter ^ 

ADDRESS ' EPA, OWPO, NTOTC, Cincinnati, Ohio 45268 

POSITION Chief Program Support Training Branch 

EDUCATION AND TECHNICAL BACKGROUND 

k.^. - James Millikin University 

^.A. - Ohio University • - ' , 

/.^ H ^ y^ars r US Army; Clinical Laboratories; specializing 
l:)ac^eriology ' 

3 yea^rs XollegS Instructor ^^^Bacl^rio'log^ • 

^ *6 years Reseaf^ch in Sanitary Microbiology ' 



22 years. Training of Federal, ^tate ar\d Local pe?spnnel in 
^ . pnnqipl^'s* and, practici of sanitary bacteriology of water, * ' / 
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Fecal Cpl iform^ Jest 
Membrifie "f^ UeV Method 







Flow 


Sheet 


• 


























Isamfi^l^ 










'\ ' (3 saiitple volumes 










20 ml,i| lOmT, and 


5 ml ) . 


-> 


j - / ^ 

12: Vw 1 




« 





of ^low 



to rest^ 
sheetl 



[10 .rnl^'/ 



Incubate ^"0/^24 hours at 

+ 0/2\C in a 'ccrnstant 
temperature^ water, bath 



[ 5 .ml] 
(Similar to rest 

of flow sheet) 
i 



Feca i 



Col 1 forms 

T Colonies witn blue or 
] blde-t?nted colorations) - 

Obtain number 0^ colonies 
Calculate fecal <:o>iforms ^100 ml 

L_ 



C51onies counted microscopically 
(10 to 15 magnifications) 



Non- f^ecai Coliform.^ 
XtolOTiies lacking b?ue ^ ^ ^ 
or blue-tinted cj61oration$) , 

I ■ 

Fecal colifonms 
Not present 
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.Record ^es^ts as fecal coliforms/100 ml 

ReporWresult-s as prescribed und^r NPDFS 
or other regulatory requirements 




EFFLUENT^MONITORING PROCEDURE: Membrane Filter Terst^^t^pd - . 

1. In wastewater effluent qifality control, the application of ttiis methodology, 
can be for one or both of the following;. ^ ' 

^ a. To deterniine whether the" bactemological quality -of the e'ffluent meets- ' 
quality ret^ui r.emehts set by law.. or by regulatory authority;' and, 

b. To determine the ,bacteriologi cal effects of ^ffl uent 'water on the 

bacteriological quality of the receiving water. ! . . 

.2S Brief description of analysis: ^ ' 

A series of assured satple portions* is filtered through membrane filters 
placed indi<rWu^ly within a filtering apparatus. Bactferia in the samples 
-are held on the^l^er surfaces of the filters, the water passes 



through and is discarded. 
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The membrane filters are placed on a-'special culture medium^,' called M-FC 
Broth, in plastic petri dishes: .The inverted petri dishes are placed in 
a leakproof plastic bag, and irfcubatejj ^total ly- immersed in a water bath 
at 44.5 + 0.2 C for 24 hours + 2 hours. On ^-RC Broth, fetal' col i fQrrp 
will grow and'develop blu^ or blue-minted colonies. Colonies lacking this 
color characteristic ar^ not Considered as fecal co^liforms. •'he blue color 
may appear only in the centers of fhe colonies, or' entire colonies may be 
dolared. Very few other , colonies will develop on the medium at the stated ^ 
1ncuba1?i'on temperature. ^ k . 

One or two membranes are selected for colony counting on the basis of ^j:^ 
suita|)le colony density, afid colorries are ^xmnted with the aid of a 
binocular dissecting microscope at a mag>ii fi cati on of lOX or 15X. After"^ 
colonies are' counted, a calculation is made in order^to report fecal 
c^1 forms per 100 ml . ' ; 

3. Mppl icaml ity of tms Procedure:! • n ■ • 

3. Range of Cor^centration: ' " . - 

This prJiicedure, as outlined, will detect fecaT col iforms within the range 
of 100 to 1200. ^ . 

b. Pretreatment o1. Samples: 

In accordance with Standard MeMds, 14th ed. (p. 904) and 3s' outlined in 
^ * ^P, "Collection and Handling of B'acteriological Samples.'. 



Analytical .Method:- Standarxi^ethods, for the Examination of Water a^d Wastewater, 
14th ed., 1975,, pg. 937*.ff. ^ 



n p 

O . > ' ' . \ ^^"^ I Page No. 9-5 



EFFLUENT MONITORING PROCEDURE Fecal Coliform Test by the f4^mbrane 
it • ^ Fi Iter: Method ^ 

y 

;^enerdl 'description of - equi pfpeot and supplies used in the .test analysis 

, ^ A. Capita! Equipment , * 

Autoclave, steam - providing unifrom temperatures up to and in|flludinjg\121tt 

- - anci e^^u'^pped witn an accurate t^rmometer, pressure gauges, saturated 

steam power lines and capdble of ^eBching re^qui red- temperatures within 

30 miniites . * ' , . 

f 

Balance Sens*i ti n ty o^' 0 1 grar-at a load of 150 grams,-'with , appropriate 
' weights . . • • " . ^ 

Jncubator ;v waterbatn - havi/i^ fof ced Circulation and orovided w\th a.^cover. 
Must be .capable o"" ::rcvicirG an mcjbation temparatu'^e of A4.5 +'0.2''C. 

Oven, hot-ai"'^- providing ■.^ifro'^ te^oeratuijes within th€ range of 150 - ISC^C 

t'^te'^, pH/' accurate to within 0.1 pH uni t , wi tf], sui tabl e standard pK re- 
^ ference solution (s). * ^ " ' . 

* Apoaratus, ^w^trer di sti 1 l^tigiigSplK^h^ culture media 

(al ternately , .a sui tabl e/^OT1« 




'f'licrdscope, sterijoscopi t-^^^-^^^^/Zmagnifi caMon with f 1 uOr^^c^i*^rl ^ghtlng 

prefe/^red. Alternately, a'srall ""luorescent la^^p with magmfieiVis 
acceptable. ■ , 

^efnce'^ator - Set ^or less tnan 10 C fliut above the freezing temperature. 1^ 
sa^cl^'cannot be x^^v //i.thin 1 noj*^ refrigeration will ^e^necessary . < 

Vacuuf Sour'ce -*pre^>rabl/ a outr.p -assembly with suitable hoses and shut-off 
clamp "or valve provided As an, al ternate method an aspirator or ^Rand pump 
witn t^e sane proviSTons are acceptable. - ^ , 

*Fi I t^tior^-iini t , - »a sedrciess -^unnel attached to a receptacle 'beating a 
poriou5 plate f screen ,^ porous disc-, etc ), stainless stee), glass, porcelafn 
or otrer suitab'ie '^•atena'' . ^ ^ - 

'5 Reusable Sj;^\ies ' * ^ ' ' *' * ^ 

' Apron -'Siitar'l- for 'abcrn^nr,' operatii^ns ^' 

^Bottle, sarmple - 2'5'^ , /^de-'^outn, glass stopper, with tag (used for 

^ sarrpl 1 ng opera 1 1 ons y ^ ^ \ . . ^ - ' " ^ 

Bottl^:, squeeze t/pe - ':orta'r. f-^'O disinfecting solution 

Burner, gas - sui tap] e ^r j i^v,ra tor / ope'*^tions 

*CaVi, pipet - non-to/i- ani .ste^ ■ ' i zabl e ^at-na"' prr-ster i n zed dis- 
ptjsable-t/Pe. ptpet:^ ^re u^^-.d, f^-^s ^ten is innecessary; 



: Pan, jjpi^card - rn-.r^/r.^, ^'j^ ^^i-^ r-,.^^d tn^L>^.. 
'^jraduate cylinder 1''. - K 



Pipets , .microbiological - 1.0 ml^ with 0.1 ml gractuations , sterile^cotton 
plugged, glass or di sposabl e types (the disposable types are for* one time 
use and may be glass or plastic). ' % 

Pipets, microbiological - 10 ml', .with l.ml graduafCOfis, sterile, cotton- 
plugged, gl^ass or disposable types (the disposable .types are for one time 
use and may ^ glass or plastic). 

Thermometer twater bath) - must indicate within the 40° - BO^C range and 
. have increments of 0.1 C, NBS (National Bureau of Standards) or calibrated 
against NBS the^-mometer . Ful V immersion type preferred. 

Thermometer (o-ven) - mugt indicate within the 160 - 180°C range and have 
increments at least 1.0 C. ^ 

Glassware, bor'osil icate 

beaker, 50 ml (for measuring pH, rosolic 'acid 

Flask, volumetric, 1 ,1 1 ter "capaci ty (for stock solution-of phosphate buffer)' ^ 

Flask, ErVenmeyer, 500. ml capacity (for holding buffered distilled rinse water) 

Plask, sideam 1 liter size -(for reservoir of MF ailwratus. Proper sized and 
' bored rubber stopper is needed to connect MF filtr^ion fla^k to unit),^ 

Flask, Erlenmeyer, 250 ml. (for preparing MFC medium) 

Forceps, curved end, round tip 

Bottle! small. Methanol or Ethanol volOme to cover ends of forceps 
Sponge, small, to spread and wipe germicide , ^ ' \ 

Desiccator,' media* storage. Ideally opaque or darkened and ,conta ini ng * 
desiccating agent to remove moisture. * ^ 

C. Consumable Supplies' ^ ♦ 

' Dish, petri , dis^sable, tjght -f i tting plastic, 50 x 12 mm, sterile. • 

M-FC^Brpth medium- dehydrated, fecal coliform. Distributors Difco, BBL or 
other eqijivalent preparation. 

Rosolic Acid'reagent, 50 gram bo'ttle. Allied Chemical, Olin Matheson 
Difco or equivalent prepa^ration. 

Filter, membrane, 47 mm, 0.45 ^m. pore size,, white, grid marked, sterile. 

Pad, absorbent 48 mm, 'sterile (usually i ncl uded' wi th membr'ane packet) 

Bag, plastic, water-proof, closure provided or method of sealing Vag • 
necessary for .water 'immersion. ^ 
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Disinfectant, dilute iodine aqueous (water) solution. Conmercial preparatiorr 
or 1 gram iodine crystals and 2 grams potassium iofiide to a litg^ of distilled 
water. 

Methanol or Ethanol , absolute, (for forceps disinfection) _ 
Water, distilled, buffered, sterile (for MF funnel rinsing) 
''stock solution-, buffer, potassium dihydrogen phosphate 

* 

Water, distilled, suitable for bacteriological operations 

Potassium Dihydrogen Phosphate (KH^PO^) reagent, 1 lb. unit 

Data sheet suitable for fecal coliform procedures (has pertinent field 
information [location, time, sampler, etc.]; lab information [sample,^ 
m\s filtered, colony counts, etc.], ar>d effluent monitoring required 
data [fecal col i forms/ 100 ml ]) . 

• '< 

D. Expendable- Laboratory Supplies: ^ ^ 

' Marker, glass or plastic 
Glass Wool 

Non-absorbent Cotton - * 

Paper, kraft wrapping 

Tape, autoclave [:ressare-resi stant 

Foil, aluminum, heavy duty 

Matc^jes or sj^iker ^ ' 

Tcnveling, paper 



Item needs in-quanti ties or required size or space aJlowanc^s cannot be specified,, 
as they -vary according to tha daily analysis schedule. As a 'rule-of -thumb 
space/size or cuantity reaui rennents 5nould be at least 3 times the normal daily 
requirements. 'Por further rnformation on s'peci fi cations for equipment and supplies, 
see the Microbiology Section of the current edition of ''StlTidard Methods for the 
Ej<aTmnation of */iater and Wastewater." *- ' ^ 
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effluent' MONITORING PROCEDURF: ''ecal Col i form Test by the Membrane Filter Method 



OPERATING PRCCEDURES 



STEP SEQUENCE 



I NFORMAT I ON/Ct^EPA' ! NG GOALS/ SPEC I FI CAT I ONS 



TRAINING 
GUIDE NOTES 



A. Pretest Procedures 



1. Water bath incuba- 
tor setup, ' 
adjustment (44. 5 C 
+ 0.2°C.) 
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1. Place wat^r bath incubator 
in permanent Jocatijon. 



2. Put water in water Ath. 



3. Install thermometer. 



4. Connect water bath incu- 
bator to electric^ power 
source and turn on. 

5. Adjust temperature until 
stabi 1 ized at requi red 

\ teTnperature. 



6. Operate water bath incu- 
bator continuously. 



Aa . All pretest procedures completed before starting 
other first-day procedures 

la. On bench or table-surface''. 

lb. Out of "drafts or place in which it will ^e in 

, direct sunlight part of day. 
Ic. Location convenient to laboratory bench. 
Id. Conv^nr^nt source of electric power, ;separate 
circuit is possible. 

?a. Distilled or deionized water preferred, tap water 
^ccep-ted. 

2b.'Shou'ld be deep enough to permit total immersion 
of *the plastic bags containing petri dishes. 
Usually this, is about 2^ -finches above, the 
l3^Pfeit'form in the waterbath. 



V.A.1.1 



V.A.I. 2 



3a. 



3b. 



Functions alTleast in 40 - 50 C range. Meets 
NBS standards. Have it least 0.1 C increment 
markings. 

Most water baths xprovide for corner location for 
thermometer (for protection from breakage). 



V.A.I. 3 



4a. PiVot light should come on. 



5a. Manufacturer's instructions for location and - * 

method of temperature adjustment. - . 
5b. Allow about 1 hour between adjustments. 
5c. Operation must be at 44.5 + 0.2 C. 

6a. Requires daily check with written temperature 

Vecord, with adjustment as necessary. 
6b. Requires daily check of water level and addition 

of more as needed . 
6c. With tap water in water bath, may require 

periodic scum removal from inner walls. 

Page No. 9-9 
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EFFLUENT MONITORING PROCEDURF : Fecal Coliform Test by the Membrane <Fi Iter Method 
. 
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OPERATING PROCEDURES 



2. Oven sterilizer 
setup 



3. Autoclave setup 
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ST£P SEQUENCE 



1. Place oven sterilizer in 
permanent position. 

2. Install thermometer 



3. Connect sterilizer to 
powei^ source and turn ON. 

4. Adjust oven temperature to 
stabilize at required 
sterilizing temperature. 

5. 'Operate when sterilizing 
' i s required. 



1. Install and operate auto- 
clave according to manufac 
turer' s instructions. 



IflFORM/^TION/OPERATING G0A\s/SPECIFICATI0NS 



la. A convenient source of electric power; 



2a. Should read in the 160-180 C range, be accurate 

withip this interval, and be marked in 1.0 degree 
intervals. 

3a. PiJot light or element heating effect indicate^ 
power ON. ♦ 

4a. 170°C^s required temperature. 



5a. 
V 

5b, 



5c, 



la. 



Turned ON in advance of^^use and checked for 
temperature stabilization^ 
Used for dry glassware' and metal objects which 
can be covered by a paper or metallic foil 
cove^1ng . 

Not used for culture media 1 iquids , plastics, 
and rubber objects or anything containing or 
incl uding thes,e. * • * ' 



Variable in design and operation, and unless 
properly op^fated can be dangerous, 
lb. Used to sterilize objects made of or including 
liquids, rubber, and some t)lastics and for - 
gjassware, if desired. ' - . ^ ' 

Ic. Operated for general sterilization at 121 C 
(250 F) for a period of 15 minutes after^this 
tem[3£rature has been att^^T\d. ; 
Id. St^rilize'd media and liquids^must be removed as 
soon as possible upon sterili^zation . 

** . > ' ' 

V 



TRAINING 
GUIDE NOTES 



V.A.3 
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. EFFLUENT HQ^ITORINg' PROCEDURF : 



Fecal Col i form Test by .the Membr*ane Filter Method 



OPERATING PROCEDURES 



STEP SEQUENCE 



1. InsKalW and operate in 
accortrance with'mcftu- 
■facturer's instructiojfc . 
_ ♦ 



INFORMATION/OPERATING GGALS/SBECI FICATION^ 



TRMNING 
GUIDE NOTES 



4: Water distillation 
equipment t 



5. pH meter 



6. Glassware 



it 
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la. Must produce water meeting quality requirements 
for bacteriological tests. 

9 



V.A.# 
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2. Opiate as required to 
mairft-ain adequa'te suppTies 
of'distilled water, 

1. Setup and operate in 
accordance with marvufact- 
*^urer's -recomm^dations. 

1.. Cleaned and rinsed using a 
suitable detera^nt and 
hot water. 

2: GsBj^ final rinse of ^ 
} B^ionized or distilled 
water. 




la. Meter must be accurate to at 1-east 0.1 pH unit 



la. 'Non-ttxic detergent must w completely removed 
from^^l^sswar'e.' . ' . 

2a. 6v to 1^ "^successj ve rinsings may be required.- 
2b*J-Must produce a dry glassware which me%ts - . 
bacteriological requirements for suitability. 

^ ' 

•I^IMPORTANT* 

. The following Special conditions may apply to the , 
;^san1ple to i),e analyzed: ' 

"^if, sample is chlorinated effluent which contains^ 
copper^ ziificV or heavy metals do operating* * 
. procedures A. 7, A. 8, e^gd A,9 *completfely. 

If sample is,unchlQVinated uent. wAich contains 
copper, zinc, or heavy metals, elirjiin^e steps: 
A.7'and A. 9.1 • - ' r ^ ' - 

p *If'. the aam[^''e is chlorinated effluent which does 
. no^ contain copper, z>nc, or heavy (netals, eliminate 
steps: A. 8 and kifi,2 . 

* If the sample is unchlorinated and contains' no 



v.a;6.2 



•co'pper, zinc, or heavy metals, eliminate steps ■ 
A.), A.8, V\.lf and A. 9.?. . * v • p^^^ g.^^-. ^ 
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^ ' OPERATING PRCCEDURES 



STEP SEQUEfJCE 



7. Sodium thiosulfate 
so1 ution 



Ethyl ^e-' • 

dim tri lotetra-acetic 

acid (EDTA) solution 



9. Sample 'bo^ttle pre- 
paration 



27 'J 



L Weigh IQ.O grams of sodium 
thiosul fate. 

2. Dissolve in 50-60 ml dis- 
tilled water. 

3. Add distillled water to 
bring final volume to ^ 
100 ml, ' 

4. Transfer to labeled bottl/ 



l;^ Weigh 15.0' grams of EDTA. 



2. Dissolve in 50-60 ml of 
distil led water. 

3. Add distilled water to 
# bring final volume to 

100 ml . ' 

4. Transfer to cljpan labeled, 
battle. 

1 . Del 1 ver 0. 1 ml or 0. 2 ml 
• of 10'' sodium thiosulfate 
salution to each sample 
bottl e. ( . 1ml to 4 oz or- 
120 ml size and .2 ml to 
6-^1 or 250 m,l size) 

2 .Del iver . 3 m1 or 6 ml of 
15« EDTA 'solution to each 
sample bottl e . 3 ml 'to 
^ 02 or 120' ml sue and 
. 6 ml to 6-8 \i. 250* ml size 



iVi^C9y^h^:o\/:^L-r:u(, goals apecificat ions 



la. Used for dechlorination of sna*9les 
lb. Use of trip, balance accepted. 

2a 100 ml graduated cyTinder sati sfa(jtory . 



4a. Should be labeled as 10'; so^diiki thiosulfate and 
stored in refrigerator, 
jr 

1^. Used for water samples. high in copper or zinc or' 

wastewater high in heavy metals. * 
lb. Use IS trip balance accepted. ^ 

0 ' 

2a'. 100 ml graduated cylinder satisfactory 



Ja Labeled as 15'- Ethytene-dinitrilotetra-acetic 
acid (EDTA) and stroed in, refrigerator . 

la . Use 1 ml " pi pet ^ ' 

lb. Providj^^ adequate sodium thiosulfate for 

neutralizing chlorine in sample. ^ 



2a Use 1 ml pipet^ 
2b. Provii^s adequa^^ EDTA chelating agent for metals 
1 n sampl e' ' ' 

2c. Return stpck solution of EDTA to refrigerator. 



TRAINING 
GUIDE NOTES 



V. A. 9^.1-6 
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EFFLUENT MOf;iTGRING PROLEDUPF FecaTCol i form Test by the Membrane >Fi 1 ter Metnocl 



OPERATING PRCCEDURES 



STEP 'SEQUENCE 



'N^FGRMATION/CPE-A\ IM^ GOALS/SPECIFICATIONS 
— ^ 1 ^ « — — 




TRAIMNG 
GUIDE NOTES 



9. Sample bottle pre- 
paration (continued) 



10. P^pets 



o 



3. Place cover on sample 
bottle. ' ' , 

A 

4. " Place paper or m^etal foil 

cover over bottle cap or 
stopper. 

5. Sterilize sample bottles 
- in steril izing oven^ 

6. ' Store sample bottles in 

clean, dry place unti.l 
used. ^ ' ^ , 

i: Insert a plug of non- 
absorbent cottan into 
mouthpiece -of clean, dry 
pi pet . 



. /a .• Protects opening of Sample bottle from 
accidental contamir>3tion . 



5a . I hour al 170, C. 



2. Pass -plugged end of pipet 
quickly' through' burner. 



.Insert^a layer'of glass 
wool oii niuTti -layer of ' 
paper P|j<fding in'bottom of 
pipet cl^i 

Place pipet in pipet can 
with delivery tip'down-^ 
ward. 



la. Pipets which have chipped or btoken tips or tops 

shouTibe dtscarded. ^ m\ 
lb. Cleanliness of pi'pet^'must be equivalent to glass 

ware. , - ' 

Ic. Non-absorbent cbtt.on plug' must be tight enough to 
'prevent easy rernoval, either by the ptpeting 

action or ^b^ handling, and yet be lcK)se enough " 

to'permit easy air movement through the plug. 
Id. Plug prbte^tts user from ingesting sample into 

his mouth. 

2a. Removes wisps of. cotton which prevent fingertip 
control of pipeting action. ^ 

3a.^This protects^ tips from breakage. 



4a. Cotton-plugged e^id is pipeting end and opposite 
end IS del i very .tip. 



V. A. 10,1-5 



OPERATING "i^RCCEUJ-ES 



10. ^^vets (cont^njea, 



11,. Blank's, 1 .:"*^r. 
" water 



STEP sl:.e^;:[ 



S.^^tenlize pipets iq oven 
or autocla/e. 



6 Store cans inTlean dry 
D]dce ^ntil needed. 

1 Prepare stoc> solution o^ 



potass'ium di hydrogen phos 
Dhate ^i^H PO^; by dissolv- 

0 grams of th'i s 
chep'ical in 500 ml of 
distilled water and adjust 
1 ng 1 ts dH to 7 2 with 
IN NaOH Dilute to 1 
1 1 ter 1 p a vol unietri c 
fl-ask. 

Prepare stocK sol uti on of 
magnesi am sul f ate 
(MgSO^ IH^Q) by dissolving 

50 grams of this chem1(?al' 
in 500-600 mis o^ dis- 
tilled water and , after 
''or.plete dissolving, bring 
tne final voluffie t«. 1 1 ^ei 
^ n a vol L^met^i c ask 



If.FOP^r^^TICN/CPE^ATNG GG^.S/SPECIFICA^IONS 



Approximately 20 1 ml oipets or, 12 ml pipets 
• will normally be^ accommodated rn these' ^ans. 
4jc. Can must be able to'j^n thstand steam pressure and 
dry heat. Toxit miaterials, such as 'capp|c, are 
not to be used 'Aluminum-js accept^^ble-. 

5a At least 1 hour in oven at 170^0, 

in autoclave for 15 mi'nutes^^t 121 C (autoclave 
- set for'quick venting* of steam) 
5b. Cans removed quickly from autoclave with ^he aid 

'0^ asbestos gloves . , ' . ' . 

5c Cans opened slightly to allow residual steam to 
\ escape for a f^w seconds and therl close can. 



la. Dist\lled water may^ be measured in 5Q0 oil gradu- 
ated cyj inder, ' - 4 
lb. Label to show contents, identity of pi^parer, 
f and date of ^^paration. 
Ic. Stored in refrigerator. 
Id. Discarded rr mold or turbidity app^ears. 



\ " 



er|c ^ ' 

iifiiinniiiTirfTiTiaiia ' ^^^^ 



EFFLUENT MQN IfT'QR I N& PPOCEDURF: fecal Coliform Test by the Membrane Filter Method 



OPERATING PRCCESURES 



STEP SEQiJEfiCE 



IfiFORMATION/CPEFATING GG-AL-S/SPE^I F ICA^IQ^^S 



TRAINING 
GUIDE NOTES 




3. Prepare working > ^olution 
of di ' utTon water by 

/ adding 1.25 ml of the 
potassium di hydrogen 
phosphate stock sojution 
and 5 ml of t1ie**magnesium< 
^ sujfate stock solution to 
each Titer of distilled 
water to be used in the 
preparationt of dilution 
water. 

4. Deliver enough working 
solution to each dilution 
water bottle so that after 
sterilization the Bbttle 
will contain^99 + 2 ml of 
dilution water. 

5. Place paps on bottles 
loosely. 

6. Sterilize in autoclave. 



7. Remove Irom^'autocl ave 
tighterr bottle caps; cool 
to room 'temperature; 

8 Store in cool place. 



3a. 



A 10 ml dr 5 ml pipet is satisfactory for 
delivery of both of .these stock solutions 
provided that U has graduation raarks to 
deliver the proper amount. Use separate 
pipets for each solution to prevent contemrf nation 
of the stoc1< solutions. ' ^ 



4a. 



4b. 



6^. 
6b. 



Recommended dilution water bottles have a mark- 
ing at the desired 99^ ml quantity. 
Amount to be de,livered to bottle before sterili- 
zation cannot be stated exactly as evaporation 
is different with differing conditi6ns and auto- 
claves. .Or^dinarily about 102 ml wrlV be 're- 
quired. ^ . ^ 



15 minutes at -121 'C 

Pressure reduced from autoclave gradually. This 
I's'uSuatl'y called "Tiquid cool" on autoclave dial 
markings of autpmatic autoclaves. 



8a. Dilution bottles ready for use. Moy be stored 
^indefinitely. / - . 

3b. Spme evaporation losses may occur; in time and in 
these c^ses, sterile similarly prepared water 
can be addetl. This is why a calibrated marked 
bottle IS deS7rj|^le 
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OPERATING PRCCELUPES 



STEP SEQUENCE 



12. Preparation of 
M-FC aiediurT\ 



^repa^e 0 2 normal 
solution of sodiuai 
nydroxic^ by adding 0.8 
grams of sol 1 d sodi um . * 
hydroxide to 100 ml 
disti l"1ed watec. y 

Prepare I Rosol i c Aci d 
solution t>y di ssol VI ng 0.1 
gram of Rosol ic Acid 
powder in 10 ml of 0.2 
normal soluti^on of sodium 
^l^ydroxide 



3. .^eigh 3 7 grams of Dehy- 
♦ drated M-FC Broth. 



Place the weighed medium' 
in a clean, dry flask 
h^ing about 250 n^l 
Lapaci ty 

Add 1 ml of the 1 
solut! on of Rosol ic Acid 
to a 100 ml graduate, and 
'^1 1 1 to the 100 ml nark 
with-dT st3 1 led water. 



INFCRMATION/CPEPATING GOALS/SPECIFICATIONS 



la Solution keeps indefinitely, should be protected 

from evaporation losses with rubber stopper, 
lb. CAUTION: sodium hydroxide is. corrosi ve. Add 

s'odiiii hydro/^ide to the water, never water to. the 

sodi urn hydroxide . 
Ic. Unused s^olution may be^ stored, unti 1 exhausted in 

regrigerator and labeled as 0.2 N sodium 

hydroxide. . 

2a Rosolic acid should be weighed on -^nalytical 

balance. * % 

2b. Sodium hydroxide solution can be measured with 
10 ml pi pette. • ^ ' 

2c. Unused Rosolic Acid solution can be kept up to 
2 weekiB if stoppered in refrigerator, and its 
color remains a dark redj it is best prepared 
freshly J however. 

3a. Medium is hygroscopi c *(pi cks up mois,ture from ' 
air) and should be stored in tightly stoppe/ed 
bottle, preferably in the dark, in a desiccator 
4 (a closed jar or cabinet wh.ich contains materials 
which take moisture out pf the air). 

4a This flask holds more than twice the volume of 
the required solution because Ihe medium expands 
and foams when heated and spacA is required 'for 
swirling of flask to mix contents 



5a\ Note. that this- will be a final '\)Vume of 100 m 

and ngt ^101 ml . ^ 
5b. This will be enough -far 100 ml of\culture medium, 
or about 50 membrane filter pla-^tesV- If different 
* amount of medium is required, adjutt "all 
. materials in proportion 





TRAiniNG 
GUIDE NOTES 



VIA. 12.2 



1 1. A. 12 




EFFUJENT MurniORING PROLCDUPF: Fecal Col i form Test,,by the Membrane Filter Method 



dPERATI-NG PRCm)URES ♦ 



STEP SEQli£NCE 



Mo 



6. Add a small Mount of the 
Rosol ic-Acid-di stil led 
water mixture to the flaslc- 
of weighed powder,, and mix 
until *all the powdered , 
medium is dissolved from 
walls Qf flask (no 
sticking powder). Then 
add the remainder of the 
water and mi x. 

7. Heat' the -medium with con- 
stant agitation until the 
boilinq point is reached, 
and then remove from heat 

» and cool promptly to below 
45°C. 

8. Medium is ready for use. 



— ^ 

Check, record, and adjust 
incubator temperature, if 
necessary. 

Merpbrane filtration pro- - 
cedure equipment assembled 
for analysis. 



IflFORMATION/CPERATING GOALS/ SPEC! FI CATIONS 



( 

7a. Agitation necessary to avoid bprning^he medium. 
7b. Cooling is best by holdio^ flask in a stream of 
cool water. 



8a. Medium unused on day of preparation may be stored 
up to 4 days if kept in refrigerator, 

8b. Final pH of tnedium should be J A + ^0.1 units. 

This pH can be taken by util-izing a smal] portiori 
of the preparation and discarding after ^ 
measurement. 



TRAINING 
^GUIDE NOTES 



-B. First-day procedures 

1. Equipment 
Maint(enjace 

2, Assembly of^^ 
f 1 1 tration 
Materia! 



la. See A.l 



la. Funnel clean and sterile 
lb. Filtration flask and vacuum system operating 
Ic. A.s:sembly of:* ^ \ [ 

Data sheet, fecal ccmform test 
Sterile ^petri dishes. " ' ^ 

Sterile membrane filters with absorption pads. 



ERLC 



2S\) 



I 
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.UIIUU 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GyAlS/SPECrFICATlONS 



TRAINING 
GUIDE NOTES 



3. Sample collection 



I. Collect sample. 



2. Record sampling 
. information. 



3.* Transport sample to 
' _ laboratory. 



4. Preparation of 
Laboratory Data 
Sheet 



1, Fill in data sheet "to 
show sample information. 



2S5 




Sterile buffered d.istillld rlrrse water 
; Forceps and disinfectant container ' ^ * 
Pencil , mark^vig. 
, , Sample bottle . - t * ' 

Sterile pipets^, 10 ml • , ' 

Plastic bags " ^ ' * 
Blirner, gas ' , - , * 

Pan, pipet discard with disinfectant 

la. Location selected'by plant management. 

lb. Sampling method as ,describe(iiin procedure 
"Sapiple Collection arid Handling for Bacterio- 
logical Tests" ajrid in the current edition of 
Standard Methods. • . ' ♦ ^ , 

2a. Mo*st- plants have standardized samp-le tags which 
includes desired information, such as:. ^ 
Col lectors name 
Date 

'Sample location 
^Time 'col lected 
' Witness • 

Sample delivered to: ' 

Time of cj^l i very 
2b. Tag may be retained as permanent record. ^ 

3a. Transported to laboratory wtthbut delay. 

3b.' Sample iced if delay of starting test Is greater 
than one hour. 

3c. No longer than six hoar ^del a/ from collection 
time to laboratory delivery.. A two. hour addi - 
tional time per^iGd is allowable from taking the 
^ample from the ice chest to completing membrane 
fiU^'atiorv fi.rst-day procedures \ 

la . information needed should be on sample tag.^" 
lb. Minimal information on data sheet should include 
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EFFLUENT MUNITORING PRQCEDURF: Fecal Col iform ,Tesf by the Membrane Filter Method 



OPERATING PRCgEDURCS 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



5. Preparation of 
laboratory bench 
area 

6. Petri dish 
preparation 



287 



ERIC 



2. Select sample volumes and 
record data sheet. 



2a. 



2b. 



source, date, collection time, name of Sampler, 
name of lab analyst, assigned sample number, 
time Qf start of test, and sample volumes. 

^According to fecal col i form density range 
'predicted for the sample. 
For fecal col i forms per 100 ml in the range: 

Expected range per 100 <ti1 : 



i 



From' To ~ Sample Volume In Milliliters 

5000~ - 6000. . ~~r 1 ' 

.400 - 1200 . ^* • * 

20Q - 600 10* 

100 - "500 -20* 

40 - 120 50 

20 - 60 • . 100 

, Volumes shovring asterisk (*) should be those 
used as these *ill paver the range ^f counts 
to demonstrate corppliance or non-qdinpl iance with 
effluent permit requirements. 



Disinfect laboratory bench 
area. 



1. Set out required number of 
steri le petri di shes on 
laboratory bench. 

2. Place a stenle absorl«nt 
pad in each petM dish. 



la. Sponge, dfsinfectant^solution/ pafDer toweling.^ 



la. Plastic dishes are purchased'in a pre-steril ized 
condition. 



2a. Handle aseptically (not introducing bacterial 
contamiliation); using a forceps which has beea 
stored in methand] or ethanol ancf flamed by 
passing the forceps quick-ly thrpugh a flame, 
keep approximately 1/2 of forceps in ikcobol by 
using jar oc tdaker. 
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Paqe No. 9-19 



I 



OPERATING PROCEDURES 



7. Filtration 
procedure 



9 5^13 



STEP 



SEQUK^E 



5. 



Using a. sterile pipet, 
pipet approximately 2 ml 
of M-FC medium over each 
absorbant pad . 



Gently tip uncoveretj • ^ 
and allow any excess 
medi um to flow out of 
plates. ^ ^ 

label each dish with the 
sample volumes to be 
filtered. 



1. Assemble filter assembly 
upon fil troti-on ff^sk. 



2. Place membrane filter on 
base of funnel apparatus. 



3. Deliver rr^pasured volume of 
a welKshaken'sample into 
the funnel. 



IflFORMATION/OPFRATING GOALS/SPECIFICATI'ONS 



3a. Amount dofes not have' to be preci.se as 2 ml -Is ai>> 
excess. . \ 

3b. Medi um' prepared and handled in accorda»nce with 

A. 12. • 

3c. Keep plates covered. • . . 

4a. Undue tapping or shaking may spill too much 

medium and leave plates without sufficient 
medium. 

4b. Cover plate. It is now ready for use. 

m 

5a. Use wax pencil or ytick on label with pen. 
5b. Label bottom (or base) of each plate. • ^ ' 

Bad will not fall when plate is inverted. ^ 

Sterile funne.^ units removed from^ wi^apping. 
Using care to prevent contamination, such as 
would-be caused b^ fingers, toyching of units to 
equipment, etc. 

Unit should be connected to vacuum source and 
have a means of vacuum disconnection, such as by 
pinch clamp on the hose. * ^ * • 

Funnel top removed xareful ly to a^oid ' 
contamination . 

MF should be grid or inked side up. MF handled 
with flamed forcelDs and only by its outer 1/8 
inch edge. , 

Replace funnel top. Avoid over tightening 

Well shaken to -insure even distribution of 
bacteria. ^ 

Poured gently into funnfifl , either by pipeting ar 
by use of a presteri 1 ized graduated cylinder (use 
Kraft paper or foil hood). Avoiding splashing 
of sample, and if graduate cylinder is used, 
rinsed several' times with small amounts of 
sterile buffered d-istilled water which are also 
poured into the funnel. 



la. 
lb. 



Ic 



2a. 



2b. 



2c. 



3a, 



3b, 



TRAIT^NG 
CUIDE NOTES 



\ t 



\ ! 



V.B.7.3 
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EFFLUENT MOtipeRING PROCEDURF : ^ecal Colifonp 'Test by the ^Membrane Filter Method 



^ ■ OPERATING PROCEDURES' 



STEP SEQUENCE 



INFORMATIO^r/OPERATING GOALS/SPECIFICATIONS 



TRAINING ' 
GUIDE NOTES 



4. Apply suction;- , 



5. Rins^ funnel , 



6. Remove MF. 



7. Reassemble funnel 



8. Plating procedure 



291 



1. Remove MF. 




3c< If small sample portions are to be used (less 

than 5 mT), a sma^l amount of sterile buffered 
f ^distilled must be added to the funnel pri9r to 
sample addi'tioi^ and then a gentle swirling of 
the funnel to distribute the bacteria* present. 

^a. Vacuum applied only after sample has been com- 
pletely delivered, to funnel, ' . ' 
4b. Wait for complete eVacuatior^of sample from 
funnel . ^ * 

5a. Three separate rinses^th sterile buffered 
distilled water. ^on^Jlete evacuation of water 
must occur between each application rinse- 
* . ■ water using about 20 ml for each rinse.' 

5b. Vacuum supply shut off after last rinse. 

6a. Handle gently wMh flamed forceps orily on outer 

1/8 inch of MF ed^e. 
6b. Lifted gently from funnel base to break residual 

vacuum before lifting. 

7a,^nit is ready for next sample and stef^ilization 

will not be required. 
7b. If unit is not used within an hour it is 

advisable to re-sterilize. ' 
7c.^ Handling of funnel top is critical in that no 
'contamination should occur. Avoid- handling in 

funnel surface? that receive sample and do not 

lay on table that .m^y have residual germicide. 

A ringstand with split>ing or resting on the ^ 

funnel top only on its base after hand lifting* 

are recommended methods. 

la. This was" done as part of the filtration procedure 
(B. 7.6)' and held with one hand as the funnel is 
reassembled (8.7.7).. 



V.B.7.7. 



Page No, 
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9-21 



OPERATING PROCEDURES 



9. Incubation 
, procedure 



293 



' STEP SEQukf^CL 



2. Remave cevei^ from petri 
dish with prepared M-FO 
medium. 



3. Plate MF "over medium! 



Pldx:e plate/plates in pro 
tec'tive plastic bag and 
incubate at 44.5 C 



inFORMATION/OPERAT-ING GOALS/SPEC! FICy 



I^jS 



2a. With practice tfiis can be dane with one hand 

while the MF is held in the otTier.- an aid for 
easier operations, the/plates can be organ>zed in 
the order of, plating and their tops can be- 
loosened.* i ^ 

3a. Allow the side of the MF opposite the forceps, to 
touch the saturated absorption pad,^^nd with a 
rolling a^iion, plate the entire membrane onto' 
the- pad. The grid (inked squares-) must be up.'. 
3b. Rolling action wi.lt tend to expel air bubbles • 
from under the MF and ajlow-^ri intirfate contact 
between medium and MF. Air pockets must be 
femoved for recovery^ of all fecel colifonm. 
organisms. . • * ^. 
3t). Air-pockets remaned from underside of-MF by . . 
gently lifting some or all of MF and re-rolling 
upon medium, Af no time must a forceps be used 
to "smoothout" the surface of the MR, Any tnove- 
=^ ment pn-the delicate surface of the MF^by th.e 
forceps will result in a line growth, of bacteria 
instead^of the easily countable discrete coJany 
form. • ♦ 



la. Completed plates must be incubated within 30* 

minutes from the Vime they are filtered, 
lb! A variety of bags/and bag closure devices ^xist. 
.One of the simplest is a "Whirl -Pac" which has^ 
f meta} ^ire fold covers to keep rolled end sealed 
and leakproof , 

Bags containing plates must be totally immersed 
within the incubator's vJater. It is usually 
necessary to arrange some weight, such*as a test 
tube rack, to keep the plates underwater. 
All p^tri dishes must be incubated in the in- 
verted position (pad, medium, apd MF) now on top 
of ttie plate) so that droplets cannot fall^on 
surface' of MF, ^ * ^ 



Ic 



Id. 



JPBWfiNG, 
•GUID& NOTES 



ERLC 
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Affluent monitoring' PROLEOURR: FecaV Coliform Test by the Membrane Filter Method 



OPERATING PROCEDURES 



STEP Sequence 



INFORMffriQN/OPERATrNGGOALS/SPEOF^CATIONS 



TRAINING 
GUIDE NOTES 



C. Second Day Procedure 
1. Counting procedure 



r 
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le. Obsierve immersed bag a short time l:o observe 
thbt a cpnstant bubbling- action is not occuring 
. to indicate bag leakage. Reseat if t|iis is 
occurring and recheck. . * 

If. Allow to, Incubate for 24'^hours + 2.0'hours. 



1/ Remove bag from water bath 
, incubator. 



2. Remove*plates from plastic 
bag.* 

3. Select plates which have 
from 20 to 60 colonies. 



4. Count fecal col i form* 
•oolonies with microscopic 
ai d. . 



la. Be sure the incubation has been within, the limiti 

. of 24 hours + 2 hours: * 
lb. Handle^carefuUy to avoid droplet sjlattering 
within plates. ' % ^ 

2a. Set plates on ta|)le so that coldnies *(growth)'. 
' are visible. 

3a. This ability comes with experience,, but^lates • 
which are overcrowded or. the ones which have • 
fewer colonies should be readiM apparent. 
It is necessary only to record^ate counts - 
within these ranges. If this is not possible 
other counts caVi be. used as. described farther. 

4a.^Binocu1ar wide field dissescting microscope pre- 
ferred. ' 

.4b. yse a 10-15 X magnificati-on with fluorescent 

lightihg. ^ # ' ' 

4c.. Scan/ membrane with a back-and-forth fnovement^ 
"over-the^grid^, line by line, so as^to cover 
the membranfe completely without missing any area 
>Ad. All blue or blue-tinted Cbliie-green , f)urple, etc 
colonies ar^ countejj as* fecal coliforms. Color- 
^ atipn may be deep or light and can be'all over 
Of partially cQ,^er ttje colony. Some can even ^ 
have the coloring appear in flecks on the 
^.surface. i ^ ^ * • , 9, 



4 



V.C.1.4 
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v WUJEHTMOriltOfiltlG. PROCEDURE- : , Fecal Coliform Test by the Menibrane-Fi|ten Methbd J 



Paqe No.. 9-24' 



OP^TING PRQCEPyRES 



I- 



STEl» SEQUENCE 



5. Select colony count/counts^ 
to usi. 'Use formula, tq 
calculd.te count per lOQ rr^l . 




iNFORMATltN/OPERATINa GOALS/SPEglFICATIONS 



5^. Formula 

I C 

180 X 



Fecal Conforms per 100 ml = - 

\X colony count 
. ^numbe^ of mill niters (ml;5) filtered 



5b. Select colony cOurlt which falls within the 20-60 
^ ' rang^: ' , , ' ' • 



' Example . 



mis Filter^ 
. J5r 



No/ Coloni 



V 




GUIDE r;CTES 



• 5 



.T^TC 
35 



to count) 



'U^e: 35 colonies vrith a 5 m'l sample vp^ume / 

" F^ca-l coliforiif = ,100 x-'35 = ' 
per 100 ml ■ ' 5' ■ ' ■ 

"Sc. If more than one'plfite has-colony numbers within 
.the rjinge, add tKe result^. * .. 



Exa j gpTe 



mis Filtered 



10 

'5 



No. Colonies 



t 23' 
9 



i20 ml + 10 ml 30 ml 
'45 colonie?'+ 23 colonies' = 6^ ^ - . 

Fecal coTifbrms per 100 ml =^100 x 68 = 227 
- . ' • \ 30 ^ 

Use: '230 (nefarest^ two significant figuces) . 




/■■ 
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EFFLUENT MONITORING PROCEDURE : Fecal Coliform lest bf* ehe 'Membranp Filter Method 



OPERATING PROCEDURES 



' STEP JEQUENCE 



INFCRMATION/OPERATING GOALS/SPECIFICATIONS 



-RAlfn.G 
GUIDE. NOTES 



/ 



od. If ho counts were obtaineci within these ranges, 
the, following procedure should be followed'^ 



i 




Aw kJ 



AIT above 60 Colonies \ 
Use that count whjch TS' closer^ to the n^xiir 
eOxount. ' 



mum 



Example 



J 20 ml' 
10 ml 
5 ml 



TNTC 
150 
72 



User 72 colon-ies with a t ml sample volume 
, fecal coliforms/lOO ml = 100 x 72 = 144Q 

or' 1400 fecal coliform per lOO-ml 

All below 20 Colonies 

Use, that count wfiich is cl^eserto the 20 count. 
Example 



20 ml 
10 -ml 
5 ml 



15 
8 
0 



Use: 



15 coVinies with a 20 ml saipple volume 
which gives 75/100 ml' fecal 'coliforms. 



All Plates with a Zero Count of Fecil Col.iform 

Assume that the largest volume delivered has one 
.colony. Use this in calculatiofls and call the 
result <(le'ss than). "If alU three plates show 
a zero count the fecal coliform count would be 

< 5 (p^culdtipn: 100 x^ . ^ 



r 
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Paae No. 9-25 



T 



OPERj^ING PROCEDURES 



STEP SEQUENCE 



irfFORMATION/€PERAT;NG GOALS/SPEC If It AT IONS 



There is no s.uch thing as a '"standard" data 
sheet for bacteriological tests. A simplified 
data sheet is shown below. 



TRAINING 
GUIDE NOTES. 



6. Record colony coui^ts on 
'data sheet. 



/ 



\ 



Fecal Coll form' Test ^ 
Membrane FtltQr (MP) Procedure 



Sample Type 

Station ^ Description 



La^ No.. 



•Collection Date ^Tlme APM. ^ Temp. 

Received APM. Examined 

PH 



Observ^tlonsVV 



ml s 
Filtered 



Colony Count 



t 



* S.efnarks 



Results: 



Fecal Conform (MF) 



' EFFLUEriT 'MCniTOPir;G PPOCESU'^: Fecal C<)liform Test by* the Membrane Filter Method 



OPERATING PROCEDURES 



ERIC 



J 



STEP SEQUENCE 



7. Record feqal coliform 
count/100 ml . . 



iNFSkMATION/OPERATING GOALS/SPECIFICATICrNS 



7a. -Recwd on designated data shee^ for yt)ur agency, 
7b. Record to nearest two significant figures'. 

# Examples * - ^ • 

♦ « « ^ 

• ' " ■ ■ 266.6 will be 270 . • ... 
i -20.83 will be 20 - 
^ ' '299.4 will. be*300 »- • 



i 



A'. 



:pAri::,G 

GUIDE ;'OTtS 



r . 
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SECTiON ■ , 'topic , ' * 

f 1^ ' • . 

./I ' ^ Intrcrduction * . * ^ . 

.Educational- ConceptSr - Mathematics' 

. ^ * Educational Concepts. - Science 

: • ^ ^ Educational incepts - Communications 

V* Field, and laborato^y 'Equipment 

. ' ^ / 

VI*' Fi-eld and Laboratory Reagents 

Field and Laboratory Analysis ' 
VIII ^ ' tafety 
I^ ^Reco^^s and Reports 



I 
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FFII^Vt MONlfORrNG PROCEDURE -Fecal ^Coli form Test by the Membrane Filter Method 



Educational Concepts - Mathematics 



Section jj 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 
# — 



A. 12. 5 





ERIC 



Since 3.7 grams of MFC powdered medium and 1 ml of 
l%.Rosolic Acid is required to prepare IDO ml of . 
MFC broth, i't is possible to calculate weights afid 
volumes tfii prepare any requirement based upon the 
number of plates desired. Calculations are based 
on knowing the above 'figffres and the requirement 
of-2.0 ml of broth for each plate. 

For rapid calcula:tions the'fol lowing twQ fprmulas 
can be used: , , - " 

(•1) No. of plates desired X 0.074 = Grams MFC 

(2) No. of plates desired X 0.02 = ML Rosolic Acid. 

EXAMPLE ' - 

♦ •* 
If 125 plates of MFC are required: 

125 X 0.074 = 9.25 . ^ , < 

= 9.i grams MFC medium required ' 



125 X 0.02 = 2..5 mis 



1% Rosolic Acid 
^ required 



Note: Due to the difficulties involved in weighing 
very small portions tfs, for instance, ;074 
grams of MFC for one plate requirement, it 
would be wise to prepare at least 10 plates 
(.7 gr. MFC and 0.2 ml' Rosolic Acid) as a 
minimum requirement.. ^ 
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EFFLUENT MONITORING PRQgEDURE : Fecal Col i form Test by the Membrane filter Method 




•Field and Laboratory Equipment . 



A. 1.1 



A. 1.2 



A. 1.3 



A. 3 



A.4 



A.6.2 



Section y 



TRAINING GUIDE NOTE 



.Pdrge No. 9-30 



Incubator should be kept out of drafts or direct 
sunlight in order to prevent .temperature inside the 
incubator from changing outside the temperature 
range specified (44. 5°C + 0.2°C). 

An accurate solid heat'sink may be used. This is 
constructed of, a' solid aluminum block a^d does not 
contain water for J:ransferenj:e of heat. Plastic 
bags, for this reTsoh, arej^ longer required when 
using, this type of incubato'P Since there are no 
provisions for a high humidity chmber in this type 
of incubatoV, it is important to use only the types 
of petri dishes having a tight attachment of cover- 
to-base thus p^iyenting loss of moisture during the 
incuba1;ion. *r 

Mercury bulb thermometer usiially used-in most 
incubators and a recording thermometer is^ 
acceptable,^ Thermometers must be calibrated a5ain*st 
a mercury Inilb thermometer which is (or calibrated 
against) a National Bureau of Standards issued and ^ 
used with. the certificate and correction chart. 

Autoclaves differ greatly in design and in metfrod* ' 
of operation, 'Some are almost like homjp-style 
pressure (poolers; others are almas^t fully auto- 
matic, 

Di.stilled watefr must not c6mtain substances pjj^-y^ 
venting bacterial growth or be higKly nutriti*. 
There are required procedures to testing distilled 
water and should be undertaken only by profess'fonal 
bacteriologists or in laboratories wher^e this is 
done regularly. 

Glassware can be checked for bacteriostatic or 
inhibitory. residues by a bacteriological test ' 
procedure which^, like the distilled water suita- 
bility test, "^should be undertaken only' by pro- 
fessional bacteriologists or Jn laboratories whe^e 
this test is-ilone ^ a regular basis. ^ 

V > 
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REFERENCE/RESOURCES 



Standard ^thods for the 
Examination of Water and 
Wastewater I4th Ed. (1975) 
APHA, WPCF, AWWA, p. 880 ff. 
(Hereafter refferred to as: 
^Std. Meth. 14: (Page No. ) 



Std. Meth. 14: 837 




Std. Meth. 14: 881 



Std.Meth.' 14: 



Std. Meth. 14: 885 





'effluent monitoring PROCEDURE: /Fecal Col i form 'Test by- tKl Memb4le Filter Method 



^ield and Laboratory Equipnienl 



I 



Section v 



TRAINING GUIDE NOTE 



RE'lfERENCES/RESOURCES 



A. 9. 1-6 



A.10.1-5 





ERIC 



Wide-mouth, glass-stoppered bottles suggested, but 
other styles accepted. ^ Bottle must be heat stable ' 
to sterilizing conditions and not be toxic or 
nutritive tQ organisms natural to the sample. 
If glass-stbppere* bottles are Xised, a strip of 
paper shoul^I'lie placed in the neck Qf the bottle 
before placing tbe^stopper in place in preparation 
for sterilization. This prevents the glass stopper 
from "freezing"- in place during sterilization. 
The paper strip is descarded at the time of sample 
collection. ^ ^ 

This procedure is described- in terms of reusable 
glass pipets. However, sihgle-service, pre- . 
packaged, glass or plastic pipets may be used.' 
In the case of single-service pipets, they will be 
sterile when purchased, are used one time, and 
discarded after use. Accordingly, in the step-by- 
step ^krocedures, disregard any instructions .about 
pipet preparation if these pipets are used. 



Std. Meth. 14: 884 
14: ^04" 

( 
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EFFLUENT MONITORING PROCEDURE S Fecal Col i form Test by the Meftibrane Filter Method 



Field and Laboratory- Equipment 



Section V 



4 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES- 



B/7.3 



B.7.7 



C.1.4 



If graduate is libeled TC (To Contain), follow the 
rinsing procedure. If it. is labeled TD (To Deliver) 
slowly add the complete sample, gently tap' off the 
last drop and do not rinse. 

When the filter holding unit is^disassembled after 
sample filtration, the worker 's'hands must be free 
to manipulate the membrane filler. Upon .di sassembly 
of 'the filter holding unit, many workers place the 
funnel element, inverted, on ^he laboratory bench. 
Some work'er^i to prevent bacterial contamination, 
prefer a rack. or a, support to keep the funnel element 
from any possible source of contamination. A split 
ring on a ring stand is a convenient rack for this 
pur[5ose. 





1. w 

' SUCTION FLASK 9lNG STAND WlTh SPLIT RING 




The dashed circle indicates the effective fiUering 
area. The dashed back-and-forth .line indicates the 
colony counting pathway. 
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| EFFLU£-l^T MONITORING PRO(?EDURE : Fecal Colifom; Test by the Membrane H Iter Method • 



Field 'and. tabora'tory Reagents 



Section. 



VI 





^ fpATNTN/^ fillTDF NHTF ^ 


DrrFDFwrtc/DCcrniiDrFc 
Ktr tKLnLto/ KtoUUKLLo - 


A. 12.2 


Rosolic add may be onjitted from the mecMijjn if 
minimal background 'colony counts occur and ^ 
equivalent results are obtained without it. 
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— ; 1 ^ 

Std.'Meth. 14: 894 . 
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»Paae No. 9-3^ 



A PROTOnPf FOR DEVELOPMENT OF 
■ROl^flNE OPERATIOfWL PROCEDUREST 

^ '■ for the 

•* 0 

CALCULATION OF THE GEOMETRIC- MEAN'' ^ 
GF COL I FORM (;60NTS 

' ■ ' ' 

by the > • • -. 

. "USE OF LOGARITHMS*^ 



as applied .in ' 

WASTEWATER TREATMENT FACILITIES 
and in the 
■MONITORING OF EFFLUENT WASTE'l-(ATERS 



k ' Devel(Jped by. the 



National ^Training and Operational Technology Cente 
Municipal Operations and. Twining IMVision 
Off>ce of W^er Program u^fcrations 
U-S. EnvironmeritaK Protection Agency * * 
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EFFLUENL MONITORING PROCEDURE: Calculation of • the Geometric Mean of 

1^ . . Coliform Counts by the Use of Logarithms 

^ ■ / 

Thi^ procediire was developed by: 

NAME Josepfh F, Santner • * ' * 

ADDRESS Ef^A, UWPU, NTOTC, Cincinnati, Onio ^5268 

POSITION Mathematical Statistician ♦ 
EDUCATION & TECHNICAL BACKGROUND . • ' " " - 

BS - St.* Louis^University 

MS - St. Louis University ^ 

4 years - U.S. Army > ' - 
s 3 years*- Operations Research Analyst 

]J years - University Professor - Mathematics 

12 years - Statistical consultant and training of Fecferal , 

-State, and Local- personnel in the principles and 
^\ practice of statistical analysis 



9 
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EFFLUENT MONITORING PROCEDURE - Calculatton of the Geofnetric Mean of 

*^ ColiYorm Counts by the Use of Logarithms 

1. The object of this procedure is the calcuTfftion of the geometrtc mean of 
fecai coliform coufits when using logarithms. ^ ^ » 

2. Brief description of the procedure. ^ < 

How to use logarithms (or logs) and find the geometric mean (or GM) of 
n fecal coniform counts, where each count is greater thaq or eqOal to one. , 

Let the first fecal coliform count = N] 

Let the second fecal coliform count = N2 * 

etc. ' ' - 

# 

Let the last fecal coliform count = Np . 

Let n equal the total number of such fecal coliform counts or 
n = sample size. The formula for the GM when using lags is*: i 

GM (of Ni. N2.. . .. = ant1-logQ°9 N] ^ I09 N? + . . . + log N^j 

In'or<Jer to complete the cal cul ationT^n the right hand side of the 
equation, four operations are necessary. . r 

A. Determine the log for each of the n fecal c;pliform count.s. 

B. Add or sum the n.logs 

C. Divide the sum by sample size equal to n. 

D. Find the ^nti-log of The'-answer to step C. 



\ 
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EFFLUENT MONITORING PROc'eDU|(e : Calculation of the Geometric Hean of 
~ ^ Coliform C^urrts by the Use of Logarithms 



OPERATING PROCEDURES 



A 



STEP SEQUENCE 



INFQRMATION/.OPERATING GOALS/SPECIFICATIONS 



■RAINING 
GUIDE NOTES 



A. Finding the log of a 
fecal colifonn count 



FRir 



1. Determine 8 = dumber of 
digits to the left of the 
decimal point 



2. Calculate C = d-1 (C is 
called 'the characteristic > 
by mathematicians) 



Examples 

la. *1f Ni = ?3 then d ^2 

lb. If N2 = 122 then d = 3 

Ic. If N3 - IJJOO then d = 5 ,m 

2a. If'Ni = -23 ther> d = 2 and C = 2-1 = 1 
2b. -if Ni = 122 then d =^3 and C = 2 
2c. ^f ny= 17,100 then d = 5 and C = 4 



ail 
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Colifcfhn Counts'by the Use of LogarlthnV 



OP-ERATING PROCEDURES 



A. (Cont'd.) 
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STEP SgOUEfXE 



3. Locate N fhe teible ritrgiru|3a, 
The 'fir^ two digits in the 
first column rn the le|t 
margin and the third digit 
in the firs> row.^ Note'thaf 
trailing zero's can be added 
or deleted fn order to have^ 
the necessary threa,.digiis 
for entry into th^tclbles. 



3b. 



INFORMATION/OPEfV\TING GOALS/SPECIFICATIONS 



3c. 



For Ni = 23, there 
are pnly,2 digits 
SO" we mi/st add a 
trailing zero. (.0- 
cate 23 or the , • 
first two digits' • 
in the.^eft margin 
.and the third or 
last (ligit 0, in 
the top row, 

For 'N2 = lf2,vthe 
first twa^ dibits' 
or 12 .are located 
, in ^he left margin, 
and the third digit 
qr 2 is >ocated in 
the top row. 

.For N3 = 17,100 the 
first two digits 01? 
17 ar^ located in 
the left margin. 
The third (^igit is 
a 1 and" is located 
in the first row. 
All digits after 
the, third are de- 
leted or these 
trail>fig'2er*05 are 
ignor^ti. 



X 



10 




21 
22 

^24 
26 
27 
20 
30 

32 

:i) 

34 
3:) 

30 

37 

39 

40 

41 
42 

43 



■CD, 



□ 



UO* 04 532 Oi '^Zl 
07 91b OS 270 0^ f. 
11 304' 11 727 12 0:h 

'H C13 14 922 1' 2i'J 

17 ' 17 '^OS 13 

20 412 20 GS3 ^20 0'2 



15 '^^.^ 



23 015 
20 f.27 
27 bTj 



23 SOa ' 23 .V>3 
7^S 2*; W7 
103 2b 3n 



05 

O'j'l 

15 :r^\ • 

1^ 'InO 
.21 2'J 

23 

2(; 24'"i 
2b 



30 3;) 320 30 035 30 Tc^) 



32 222 

34 212 
36 173 

35 021 
3W 704 
41 407 



3/42S 

31 430 
3ul 

3-, 2J2 
'iiO 0o7 
41 664 



32 

31 o;v 

3o 54J 
3b 3^2 

40 no 

41 8;o 



43 135 43 207 43 457 

44 7!fl 44 s71 45 02'. 
4& 210 3VJ 4/; 5ib 



3 J 

3* S :0 
3G 7.vj 

3> 

40 3VJ 
M OOo 

45 15') 
40 C^7 



47 712 47 &57 4b 001 4S lU 



40 130 40 27G 10 415 40 WA 

515 50 f.'.l '.0 7>^r) ^,0 020. 

51 b5l 51 9b3 52 111 ^ 62 244 

53 148 53 275 53 403 53 520 

54 407 51 531 54 fSl 51.777 
:^ 630 55 751 /5 »71 55 001 

:>G 820 56 937^57 054 57 171 

57 07S 5S OOp 5S 20r, 58 32<J 

50 10f5 50 2 69 329 59 430 



00 206 CO 314 GO 423 60 531 



1,1 27S V,l 3b I 61 4^K) 61 50'^ 
fy'l 325 02 428 02 Ml 02 bU 
03 317 65 4 IS 03 51b 63 6W 



GUIDE W 



T 



OTES 
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EFFLUENT MONITORIHG .PROCEDURE 



Calculation of th.e Geometric Mean of 
CQlifom. Counts by'th^ Use of Logarithms' 



OPERATING PROCEDURES 



STEP SEQUENCE 



IMFO^TION/bPERATING GOALS/SPECIFICATIONS 



• TPAIKIKG ■ 
GUIDE r:OTES 



A. (Cont'd.) 

1 ' 
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Read the 5 digit number 
within the body of the 
table at the i'ntersection 
of tf\e row and colu[nn 
determined in step 3. W 
label this number M. The 
mathematicians call it the 
mantissa. 



,4a. For = 23 then 
M = 36173 

4b. For N^'= 122 then 
M = 08636 

4c- For N3 = 17,100 
then M = 23300 



CD . dl 



10 



^ 13 

14 

15 
16* 

^ 18 
19 

20 

21 



5?t 
23 
26 

27' 
28 
29 

30 



41 

'13 



00 600 CO 432 C-^J bOO 01 2Si 



in i;i9 01 .TO ot <>L"2 

07 918 OS 27y m> r..'/.l 

11 394 11 7?T 12 037 

14 013 14 02-2 lo 22V 

If 60^ 17 S9H IS 1^54 

2tiji:i^ 20 6b3 20 952 



23 045 0 
2o 527 ^ 



] 23 533 
26 007" 



27 i>75 2^5 103 28 330 



0^ ^t-X 
Ob 9ur 

12 3S5 

}5 534 
IS AC^'l 
21 219 

23 805 
2*) 24i 
2S 



30 103 30 320 30 53.^ 30 75.'> 



32 222 32 42S 32 CM. 32 

3cl 212 31 4:i9 31 6^5 3l>s:>i>^ 

3ft 1?3I 301 30 519 36 736 

r« 021 202 3S 3S2 33 501 

3\) 794 39 907 -10 WO 40 312 

41 i'X7 41 6*4 41 830 41 OO'J 

43 136 43 207 43 457 43 016 

H 716 44 871 45 02.> 45 179 

40 210 46 3b9 4G o3S 46 6^7 



47 712 47 8,'j7 4S 001 4S 111 



31 


40* 13^) 


49 270 


19 415 


49 5'4 


32 


^K) 515 


6M 


50 7^6 


50 UJi) 


3.3 


51 b51 


51 9S3 


52,11 i 


52 211 


31 


53 148 


53 27 :> 


5:i 403 


53 520 




54 407 


531. 


54 r'»i 


51.777 


30 


TkS 630 


55 751 


55 b71 


65 991 
♦ 


37 


'6 S20 


56 0^7 


57 O'l 


57 171 


3^ 


:.7 978 


5S '002 


5S 2^f) 


58 320 


30 


-.9 1% 


;.9 ^IS 


59 3/J 


59 439 
* 


*40 


CD 2^>ft 




60 423 


60 hV. 



01 27^ 61 r.l TH) 

r.2 'VJ') 62 42.-^ t,J 5.)! 
f,.i 3i7 6i 4iS 6i 5i-> 



61 50,') 

62 i i 
Ct 01 i 
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OPERATING PROCEDURES 



A. (Cont'd.) 



B.-Sum the n logs 



C. Divide the sum of 
the 'logs by n, 
•sample size t 



D. Finding the anti-log 
a positive number 



3 



STEP SEQUENCE 



5. Log N :^ CM 



1. It is assumed that addition' 
is known. 



1. It is assumed that division 
is known* 



1. Determine M = the number to 
t^ie^'ght of the decimal* 
' point) 



V 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



5a. L-og 23 = 1 .36173 
5b. Log. 122 = 2.08636 
5c. Log 17,100 = 4.23300 



C obtained M obtained" 
in step 2 • ip step 4 



Ta. If we want the anti-log of 3,11394 then 
M =■ 11J94 

Tb. If we want the'anti-log of '2.32428 then" 
>l ^32428 

Ic. If We want the anti-log of .56036 then- 

M = 56036 ■ 



ERIC 
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EFFLUENT MONITORING PROCEDURE ^ 



Calculation of fhe Geometric Mean of 
Colifonr, Coi^nts by the Use of Logarithms 



OPERATING PROCEDU^S 



STEP SEQUENCE 



INFOf^MATION/OPERATING GOALS/SPECIFICATIONS . 



Tp,Arii:;G , 

GUIDE NOTES 



D. (Cont'd.) 



V 



■ o 322 
ERIC* 



2. Locate M or its nearest 
value within the body of 
the table. 



3. Read N = rc ^t the inter- 
section of row (r) and 
column (c) where M was 
located in step 2. Note 
rc is the 2 digit r and ^ 
the^or>e digit c written' 
side by side and are not 
an indicated multiplication. 



4. Determine C = number to the 
left of the decimal point. 



5. Calculate d = C+1 



2a. 
2b. 
2c. 

3a. 

3b. 
3c. 

4a. 

4b, 
4c. 



5a. 
45b. 
5c. 



M = ,1139- 

M = 3242& 

M = 56036 
(Nearest Wlue 
is 55991 )\ 

If M = 11394 then 
N = rc = 130 
since r = 13 and 
c = 0 

If M = 32428 then 
.N = 211 since r = 21 
and c = 1 
If M = 56036 then 
N = 363 since r = 
and c * 3 



6. Locate the decijnal point for 
^ the number (Jetermined in • 
step 3 so that there are d 
digits to the leftof the 
decimal point. Note trail- 
ing z^os can be added or 
deleted. 



'6a, 



N. 


L 0 


1 


2 


3 4 


10 


i Op 000 


00 '432 


00 8G0 


01 2.^t 01 TO.i 



11 I 01 139 
' 07 U18 




04 532 01 9'i2. Oo 30S 0:» t.'K) 
^, ^.^ 08 279 0^ OS 9*11 O-J .tt2 
(l^yji'l U 727 12 007 12 VI 710 




14 613 14 922 

17 009 17 898 
20 4\2 20 0S3 



' 30 lb^30 320 



36 



2^1 

r» 

26 

r 

2S 
2'.> 

30 

31 
32 
33 

31 
3j 
36 



1.'; 220 
20 052 

23 ^>^3 

%\ 007 
2S 330 



15 53t 
J 8 ir.O 
21^ 219 

23 805 



15 SV. 
]S 7VJ 
21 -Jsi 

21 or>6 
2r. ^2 
2^ 7M) 



30 53:1 311 75(| ;iO 



32 222 
34 2U Tr4^ 
30 173 'Mi'ihX 



32 03 1 r.2 Si^ 33 Oil 
31 i^S 31 KiO 3') 0-'.^ 
30 549 7^ 36 9' 




49 136 49 276 
51 H,')l 51 yi>3 



For the anti-log of 
3.11394 then C = 3 
For the anti-log of 
2.32428 then C = 2 
For the anti-log of 
2.56036 then C = 2 

If C-= 3. then d = 4- 
If C = 2. then d = 3* 
If C = 2. then d - 3 



Anti-log 3.11394 = " 

1300. The 130 was 

determined in step 3a 

and the decimal point 

was placed so that 4 

digits (see 5a) are to 

the left of it. In this 

case a trailing zero was added. 



021 38 202 3>> 3S2 38 ^T.l 3ft <3<» 

794 39 9(.7 40 110 40 3\2 10 \^\ 

4l>^ '41064 41 830 41 9'iO 42 iU) 

207 43 457 43 616 43 

S71 45 02.'. 45 179 T. rrrj 

3S9 40 51S 46 C^7 40 M5 



l7 4-. 001 48 111 4S 2S7 




49,5 *\ 40 »»*>3 
5*) 9Jii 51 O.^'* 
52 244 52 375 



53 14S 53 275 53 401 53 52f 63 ^^'.6 
M 407 .S4 Ml 51 6;>4 *54.777 54 W 
:.3 C30 63 751 55 ^71 L&5 Wlj&O HO 
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Coliform Counts by the-Use^.of Logarithms 
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QREBATING PROCEDUl^ES 



Ih 



ERIC> 
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STEP .SEQUENCE 



6. (Contlgi;) 




6b. Anti-log 2\32428 = 211. ^Step 3b followed by 
step 5b. 

6c. Anti-log 2.56036 = 363. By cdmbining steps- 
3c through s5c. • 



I 




INFDRHATION^OPERATING GOALS/SPECIFICATIONS 




TP.AIffiNG 
GUIDE- f\lTES^ 



325 
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— Common logarithms of numbers — 



N. 



'11 
12 
13 

14 

15 
16 

17 
18 
19 

0 

21 
22 
23 

24 
2o 
26 

27 
-28 
29 

^ 

31 
32 

33 

34 
36 
36 

37 
38 
39 

^0 

41 
« 

43 

44 

46 

47 
48 

49.. 

50 



N 



L. 0 



00 000 00 432 00 860 01 284 01 703 



04 139 04 532 

07 918 08 279 

11 394 11 727 

14 613 14 922 

17 609 17 898 

20 412 20 683 



04 922 05 308 Q5 690 

08 636 0^991 09 342 

12 057-^385 12 710 

15 229 Ih 534 15 836 

18 184 18 469 18 732 

.20 96Z 21 219, 21 484 



23 045 23 380 23 5.'>3 23 805 24 056 
25 527 25 768 26^t)07 .26 245 26 4^2 
27 875 28 103 28 330 28 566. 28 780 



30 103 30 320 30 535 30 740 30 9C>3 



32 222 32 428 32 m .'^2 h3H 

34 !242 34 439 34 635 34 830 

36 173 :iO 361 30 549 36 736 

38 021 38 202 38 382 38 561 

39 794 . 39 9^)7 40 UO 40 312 
41 497 41 664 ^1 830 41 996 



43 tjie 

45 179 

46 6S7 



33 Oil 

35 025 

36 922 

38 7i0 

40 4S3 

42 H30 

43 77:) 
45 3'i2 
40 Ki5 



47 712 47 857 4H 001 48 1 



8 2S7 



*4y 136 


49 276 


49 


415 


f/J 515 


50 fMl 


f>0 


7H6 


51 851- 


^1 983 


•52 


114 


53 148 


5^ 275 


53 


403 


54 407 


M 534 


54 


OM 


.^>5 630 


55 761 


55 


871 


56 820 


56 937 


.57 


^54 


57 978 


58.092 


'5S 






oO 9^ 
52 244 5 2 375 



59 106 ^ 218 59' ; 



53 529 
54. 77? 
65 991 

57 171 

58 32a 

59 439 



63 656 
54 900 

56 110 

57 287 

58 433 
59 '550 



60 206 GO 314 60 423 60 531 "60 J638 

1 ^ 

61 278vVj1 384^ 61 490 . 61 5d6 61 700 

62 325 62 428 62 531 62 634 62 737 

63 347 63 448 -63 548 63 649 63 749 

64 .345 64 444 64 542^ 64 O-W 64 738 

.65 321 65i418 65 5U 65 610 65 706 

66 274 66\370 66 464 66 558 66 652 

^7 210 67 302 67 394 67 486 67 578 

68 124 68 216 68 306 68 396 68 485 

69 020 69 108 6© 197 69 286 69 373 



69 897 69 984 



70 070 70 157 70 243 



L 0 



2 3 

4 



S 9 



02 119 02 631 02 038 03 342 03 743 



06 070 00 446 

09 691 10 037 
13 033 .13 364 



6 137 16 435 
' 033 19 312 
21 748 22 OH 



24 304 24 651 
26 717 26 951 
29 003 29 226 



06 819 07 188 07 655 

10 380 10 721 11 059 

13 672 13 988 14 301 

16 732 17 026 17 319 

19 690 19 866 20 140 

22 272 22 631 22 789^ 

24 797 26 042 26 285 

2^ 184 27 416 27 646 

29 447 29 667 29 885 



31 175 



31 387 
I 

33 244 33 445, 
35 218 3,5 411 
37*107 37 291 

38 917 39 094 
40 054 40 824 

42 325 42 488 

43 933 AM 091 

.45 "484 ~ 637 
40 %2 47 129 



31 697 '31 806 32 0l5 



33 646 
35 603 
37 475 

39 270 
'40 993 
42 651 



33 846 

35 793 
37 668 



34 044 

35 984 
37 340 



39 445 39 620 

41 162 41 330 

42 813 42 975 



44 248 44*404 44 660 

45 788 45 939 46 090 
47 276 47 422 47 667 



48 430 48 572 48 714 48 855 48 996 



19 831 49 969 

51 1H8 51 322- 

52,504 52-634 

53 782 53 908 

55 023 55 145 

56 229 56 348 

57 403 '57 519 

58 546 58 6.''>9 

59 660 59 770 



60 106 60 243 50 379 

51 -455 51 587 51 720 

52 763 52 892 53" 020 

54 033 64 158 64 283 

55 267 55 388 65 509 

56 467 66 586 56 703 



57 .634 57 749 
58 7T1, 58 883 
59^79 5Q 988 



57 864 

58 995 
60 097 



60 746 60 853 60 95^ 61 066" 61 172 



61 806 

62 ^839 
63 
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69 461 



67 761 

68 6^ 

69 548 



62 014 62 118~ 62 221 

63 043 63 144 63 246 
64.048 64 147 64 246 



66 128 65 ^ 

66 087 66 18h 

67 026 67 117 



67 852 67 943 68 034 

68 753 68 842 68 931 

69 636 69 723 09 810 



70 329 70 m5 70 501 70 586 70 672 
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EFFLgENT MONITORING PROCEDURE: Calculation of the Geometric Mean of 

Col i form Xounts by the Use of Logarithms 

An example of the calculations for operating procedure A, 'B, C, and D follows. 



..GM (23, 122, 17100) = Anti-log 



log 23 + log 122 + log 17100 
3 



(see A5a, 5b, 5c) 



" GM (23, 122, 17100) = Anti-log 



1 ,36173 + 2.08636 



+ 4'.233no~| 



(See procedure B and qT- « 



Gm/(23 , 1 22,' 17100)^/inti.-log 2.56036 



•(See D6c) 



1 ■ 



OM (23 , 1 22, 1 71 CO) = 363. 

The foTlowing practice problems should be solved to make sure that the program 
of ac'tion is (mastered. . 

' 1) GM yf, 4) = 2 

2) GM 11 , IC, -100) = 10 ■ • 

3) GY (So, 10, n) = 10 

Some checks- for gross errors. 

T) GM lies between the largest and smallest value. For the problem 
GM (23, 122, 17100)-= 363 the largest =,17,100 and the smallest = 23. 
'Since 363 lies between these two, there is no gross error. 

2) GM IS less than the an thmatic >nean* (AM). AN" = 23 + 1 22 + 1 7100 ='5743:3 

3 

. GM = 363 IS less than AM = 5748.3. f^ence, there is no gross error. , 



*GM=AM if all colifom counts are equal as illjstrated in practice proble^^ 
number 
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K PROTOTYPE FOR DEVELOPMENT OF 
ROUim OPERATIONAL PI^OCEDURES 

fot the • . 

MEASUREMENT OF FLOW IN AN OPEN CHANNEL BY. 




as applied in 

WASTEWATER TREATMENT FACILITIES 
and in the 
MONITORING OF EFFLUENTnWASTEWATERS 



f 



♦ 



Developed by the. 



^National Trjfining and Operational Technology Cente 
Municipal Operations and Tra^ining Divisloit ^ 
^Office of >/ater Program Operations ^ 
^p- U.S Environmental Protection A'aency 




i-n^^" EN.FM*BMP.2a.8.X6 ' " 
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EFFLUENT .MONITORING PROCEDUREf Flow ^^^dStTrement ir/an Open Channel by 

Parshall Flume 

This Procedure was developed by: ^ , 

NAME , Charles E*. Sponagle ^ . 

ADDRE9r^> EPA, OWPO, [ITOTC, Cincinnati, Ohio 45268 

POSITION Sanitary Engineer-Instructors - 

EDUCATION AND TECHNICAL BACKGROUND' 

B.C.E - Manhattan College, 1943 

M.S. in C.E. - University of Minnesota, 1948 

•Professional Regi stration; > State of NaT York 



With Federal Water Pollution Control Program since 1948, with 
various assignments at Pro^a'm Headquarters, Regional Offices, 
and Field Stations, including positions as 

Staff -Engineer, then Chiefi Water Quality Section 
Denver Regional Office 

Staff Engineer, then Regional Construction Grants Program 
Director, Denver Regional Office 

Regional Construction Grants Program Director, 
Cincinnati Regional Office 

Director, Colorado River Basin Water Quality Control Project,* 
Denve£, Colorado 

Industrial Wastes Consultant, Technical Advisory and 
Inv^estigl&tions Branch, Cincinnati, Ohio 

Participation in and Direction of numberous in-plant industrial 
waste surveys and stream studies in New York, Colorado, New 
Mexico, Maine, Utah 

With National TrairfTng & Operational Technology Centef , 
September 1969 to date. 
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'effluent monitoring PROCEDURE: Flow Measurement in an Open Channel by 

Parshall Flume 

1. Objective: .To enable the student to obtain the flow rate in arropen 
^ channel by means of a pre-installed Parshall Flume. ' * 

\ 2. Description of Procedure: ^ 

The depth of liquid is measured at a stipulated point (or points) within the 

Flume. This measurement is then used to obtain the rate <4 ^^ow ^n the 
channel . * : ^ . 

-* • . 

a. This Procedure deals specifically with 6-inch through 8-foot flumes, 

• since practically all wastewater treatment plant influent and effluent 
flows can be measured by flumes of this size. Operating principles of 
larger and smaller size flumes^are exactly the same. For these latter 
however, some differences in procedures are involved, consisting of a 
change of location for measurement of the downstream head, and use of 
different discharge tables. 

b. * Flows obtained by visual observation of liquid depth are considered 

herein. Use of devices which automatically provide a contintious r^ord^ 
of either head or flow is not included. 

General Description of Equipment used in the Procedure: 
!) Parsr.al] Flunie. 

2) Means for visually observing depth of flow, such as a staff gage 
or a float gage. . / ^ 
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EFFLUENT KQNITORING PROCEDURE: Measurement in an Open Channel by Parshall Flume 



OPERATING PRCCEDUJtES 



7 

A. -Basic £lements 

1 . Units of Flow 
Measur^nent 

2. Description of 
Process 

3. Structure of 
Fl ume 

4. Terminology and 
Oefinitions 

'5. Operating 
Principles 

6. Staff Gage . 

7. Float Gage 



STEP SEQUENCE 



INFORMATION/OPERATING GGALS/SPECIFICATICNS 



TPAINIfrC 
GUICE :;OTES 



I 



(p> 11) 



I. A. 2 , 
(p. 10) 

V.A7>-~ / 
(p. 24) 

V.A.4 

(py 25) 

V.A.5 

<P. 26) 
IV. A. 6 

(p. 27) 
N.A.7- 

(p. 27) 



B. Preparation for 
Measurement 

1. Physical 
Conditions 



1. Observe flow upstream of 
flume 



2. Remove any objects causing 
disturbance of flow 

3. --inspect flume for deposits 
of solids 
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la. Reasonably 'smooth or streamTine flow, 
lb. Flow distributed reasonably uniformly across 
channel 



3a. No build-up of sediment in structure 



nil. B. 1.1 

(p. ,22) 



III. 8.1 .3 

(p. 22) 
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OPERATING PROCEDUf^ES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPEC IFICAYiONS 


TPAI 
GuIDE 


f;i:;G 

f,OTES 


/ 

/ 


4. Determine flow condition 

^ T ncnpr t" ct'illinn uip11 rlPAn 

J « i 1 1^ |JCU L oLIIIIilU well, V^ICull 

if netessary 


4d. Free^'low or submerged flow. 

^fl rnnnprt inn t n rhAnnpl nnt rlnnnpri 

JO • V^UI 1 1 iCU LIUII LU ^ItailllCI IIU^ ^'I^^^CU* 

5b. No deposits - \ 

5c. No" objects Interfering with float 


III.B 

(p.] 
Ill B 

(p.; 


.1.4 

22) 
i 5 

23) 


C. Flow ftfeasurement - 
Free-Flow Concjition, 
Using Staff Gage 

1 . Determination of 
. upstream head, 

'l 

C, Uc LcilH 1 lid L 1 1 Ui 

flow rate. { 


1. Read gage division at which 
liquid surface intersects 
gage. 

2. Calculate 

1 • U^C u|J|J< vp< laLC >u u . ^ 


• 

la. To nearest divisior^ ^ 
2a. From staff gage reading. ^ 

1/1 Tn unit Hp^irpn . a ' ? 

iu.XIIUIM^UCOIiCvl. * 4 ■' 

T— ■ ' ■ 1 ' 


j 

! t 

ll.'t.'l , 

( P 1 2 ) 

II. C. 2 ■ 

(p. 15) 


f w- 

D. Flow Measurement - 
Free-Flow Condition, 
, .Usinc) Float Gage 

1 . Determination of 
upstream head, 

./ 2. Determination of 
flow rate 


1. Read tape division opposite 
index on float gage 

2. calculate 

1 . Use appropriate table 


• 

la. To nearest division. 

2a. From float gage reading 
la. In unit desired 


4 

II. D. 1 

(p. 16) 

II. C. 2 
(p. 15)- 


T « — H 
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EFFLUENT MONITORING PROCEDURE: pio^ MeasurB.ient in an Open Channel by Parshall Flume \ 



OPERATINa PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



Ey Flow Measurement - 
Submerged-FlQw Con- 
dition, using Staff 
Gages 

1. OeterminaWcm of 
upstream head, 



2. Determination of 
downstream head', 

Hb • 



3. Determination of 
flow rate. 
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1. Read gage division at w^icli 
liquid surface intersects 
gage. , • 

2. Calculate Ha 

1. Read gage division at which 
liquid surface intersects 

gage. 

2. Calculate % ' 

1. Calculate percent sub- 
mergence 

2. Consult appropriate'^chart 
or table. 

3. Read submerged flow'value^| 

or obtain correction, to b^^ 
applied to free-flow value. 

4. When a correction factor is 
obtained, use Ha and find 
free-flow from Table 1. 

5. Multiply this free-flow 
value by the correction, 
factor to obtain the sub- 

* merged flow. 



la. To nearest division, 
'lb. At the same time as for 



2a. From staff gage reading. 

la. To nearest division, 
lb. At the same time, as for 



2a. From staff gage reading. 



la. Percent submergence = ^iS- x 100 

■ "a 



II.C.l 

(p. 12) 



II.C.l 
(p. 12) 



II.E.3.2 

(p. 17) 
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now Measurement in Open. Channel hy Parshall Flume 



' \QRERATIN6 P 



PROCEDURES 




Plow Measurement - . 
Subaiefged^Flow 
ondition, usi'og 
Float Gages^ * ' 

Determination of> 
. ufistr^am h^ad, 

2. Determination of 
. downstream head-, 

.3. Determination of- 
^f.loy/ rate. , 



STEP seque;m;£ 




- V\. • : K 

1. Re^d tap^dlyision opposit^, 
ifidex on gage* 

2. Calculate Va* *' . ' • 

1. Read<i:ape division qjpposTte / 
index 'ton gage. 

2. Calcu[ate H^' 

1 ./Calculate perce^j^sub- 
, mergence. ' ^> . 

^. Consult appropriate chaft ' 
or^taSle. • ' 

3. Read submerged flow value ^ 
dir^fly^r obtain correction 
to be^pprlfed to free-flow • 
value. jc,*, , 

i *; 

4. " When a correction 'factor is. , 
' obtained, 'use Ha and find ^ 

freerflow from- Table 1; \ 



Mul tiply» this ffee-f low^lue 
by the^^ correction factorto 
obtain the subffiej^edg, f)ow. V 



la. To nearest division. * 
lb. A,t the same time as for H5 

2a. From float gage reading. 

Ta.^To nearest c/ivision 
^Uj^'At/the same time as for Ha, 

float gag4 reading* 



ERLC 




fNF0R,'jff^ION/J^ATI^ 
»— t * 



PERATING GOALSySPECIFICATIONS, 



laV Pefcent' submergence 



_Hb X 
^a ■ 




GUI'Dt NC7ES ' 



H.D.I 
Cp.' 16) 



II .D. i • 
(p.- 16) 



II.E.3.2 

(p. 17) 




C5» 



339 





.EFFLytNT MONITORING .PROCEQJJRE:' Flow Measurement in an Open Channel "by Parshall Fl^ime 

-» 1 . : — . 9 



TRAINING GUIOE- 



SECriON • • * TOPIC 



/ . • 



i* ' Introduction ^ 

• 11* • * Educational Concepts - fGHTfiefTiatks 

ni* Education'al Concepts - Science 

IV Educational Concepts - Communica 
V* ^ Fl^ld Laboratory Equipment v 

• - . 'VI Fj'eld & Laboratory Reagents f 

VII Field S Laboratory Analysis 

♦ ' ' VIII Samy " 



t W . ^ . ■ IX , . Records & R^orts ^ 



4' 



*Traintrtg guide material s^are presented here under the headi ngs'marked* . 
These standardiiffl|head1ng^ -are used throughout this serlfes of procedures 



^ ' ' ' ■ \ 

- ■ 4 ^ 



\ 
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-EFFLUEtIT .lOIIITOPUifi.fROCtDur.r-. „easur™e„t of Flow („ an Open'channel by Par.hall n„ 


INTRODUCTION 


Section I 


TRA]:'K:n Guior iio*^^ ^ 


pe?fRlNC[:s/pesoup':^s \ 


A. 2 


Flow of a liquid in an open channel can be ^ 
measured in many cases by means of a specially- " ^ 
■ shaped sectjon known as-a Parshall Flume. The fltime^ 
can be constructed as part of the channel, or 
instal»led later either temporarily or permanently-.' 
Iha/depth of the flowing liquid is "determined at a 
specific point, or points, in the flume. The ^ 
measured depth, or depths, can then be used to 
obtain the rate of flow of the liq^^^^ the channel. 


■ — — — — V ' 

J. Handbook of Hydraulics, 
King, H. W. , McGraw-Hill , 
NY, 3rd Ed., 1939 

2. Water Measurement -Manual^ 
US Dept. of the interior, 
>Bureau of Reclamation, 
Denver, CO, 2nd Ed., 1967 

3. Stevens Wat#r Resources 
Delta Book, Leopold W 
Stevens, Inc., Box /^&8, 
Beaverton, OR 9^09, ^ • 
2nd< Ed. , S4;00 




• 

✓ 


^ — ^ 

* 










* - 




• 








i 




* 
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EFFLUENT .^^ONITQRiriG P RO CEDURE : Measurem^t of Flow in an Open'Channel by Parshall Flume 



EDUCATfONAL CONCEPTS - MATHEMATICS 



Action II 



A.l 




'TRAININ'G GUI'lE NOTE 




Flows -^iinits of Expression 
^ Flow, or Flow Rate, or Discharge. 

t 

II 



All of tijese terms are commonly used to refer 
to the quantity of liquid passing a poiot irs- 
a certain t^ime inter^^. 



Quantity of liquid can be expr^^'sed in a number 
of ways: Common units are thej|allorT (Gal) and 
the cubic foot (d'u.ft., ft.3).^To Qhange frb^ 
one of these measures to anotfter^ use the table 
below: , «^ 



V Multiply b/ 



To obtain 



cu.ft. 
Gal. 



7.5 
0.1i4 



III, 



Flow IS usual-ly axpressed in these units: 
. % ' 
Gallons pier miiiote (GPM) 
Mtllion gallons per day (MGD) 
Cubic feet per second (cfs, Sec. -ft.) 

To change f rem ,orfe of these units^o another, 
use this table- 



Mul ti ply 




^^ . 


To obtain 


cf5 


0 


.646 


MGD 


MGD ■ 


1 


.55 


cfs 


cfs 


448 


.8 


GPM 


GPM 


0 


.0022 


cfs 


MGD 


694 


.4 


GPM 


GPM 


0 


.00144 


MGD 



IV. Flovrdata is needed , to, calculate the quantity 
^ of constituents discharged in a plant effluent. 
^Formulas are-- - ' 

lb/day = MGD, x mg/1 x 8.34 
/' Kg/day = MGD- x mg/1 x 3.78 



FEFERCr,'e€S/RESOURCES - 
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EFFLIO J rtOlflT C: !_^^R^rn'.^ij^ Measurement of • Ffow in 'an Open Channel by Parshall Flume 



EDUCATIONAL CONCEPTS - ^-lArHEMA FICS 



Section II 



'TP.' 



PEFrnL::c[S/RES0UPCr5 



* The head is the'vertka;! distance from 'the 
crest'of the flume (floor of the cofiverging sectior>) 
to the 1iqui<! surface, at the 5,tipulated point in the 
converging section. Head >5 the corresponding 
distance, as measured at the stipulate* point in the 
.thn^t of the flLwne. Both of these measurements are ' 
^r^nced to the sane point, i.e., the elevation of 
le crest of -the fluine. Consequently, all equipment 
a^d devices used to neasure these heads must also be 
referenced to. the^crest elevation. ' % 

^'hen a staff gage Vs us^ to obtain these heads. 
It nay be attached to the inside face of the flume, 
or olaced m ^ stilling well. Irvthe former case, 
*Qr11y an approximate head determination is usually 
possible, because of waves and-rapid water ievel 
fluctuations- at tne upstream ^ge ,^ and turbulent' 
conditions at the dov/nstream gage'. 

-Determination of head using the staff gage is 
illustrated below for the various conditions which 
wil 1 be met. : ^ • f , - 

^J>3^ L j^JU'lL^^^] __9_a3e mark Q.OO ft . 

The gage may be instaNed in either#f tnree 
positions, as shown in fig. 1. ' 
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FIG 1 - STAFF GAGE SETTINGS* 
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In "A", the bot^ of the gage is set at crest 
elevation. The- ijitersection of the liquid surface 
with the gage gives a direct readifig of the head. 
Hege, the head is 0.30 ftV i 

In "B" the bottom o.f the gage is set some dis- 
tance "d" above crest elevatipn. To obtain the 
head, "d" must be added tp the gage reading. For 
example, if "d" in the Figure equals 0.25 ft., then 
the he^d is 0.25 0.20, eqiuals/o.45 ft.-^ . , 

In"C" the bottom of the gage is set' some dis- 
tance- (say 0.20 ft) below Grest elevation. This 
must be subtracted from the gage reading to obtain . 
the head. Thu^ , '0.40-0. £0 = 0.20''ft., which is the 
head-. \ ' ' 

Case II - Initial gage mark other than 0.00 ft. 

. The mark at which the gage divisions start must 
be taken into accourft: in detennt«ing the head. For 
example, if a gage section starting at 3.33 ft. 
instead of 0.00 ft. -is used, the calculations ^ne" 
as follows for the three conditions sWwn in 
Fig. Z (which correspond^ to tho^e of Fig. 1): 
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In "A", head = 3.63-3.33 = 0.30^ ft. 

In "B% assuming that "d" = 0.25 ft., head 

(3.53 + 0.25)-3.33 = 0.45 ft. 
Inr "C", head = 3.73-3.53 = 0.20 ft. 
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With determined, the flow can be obtained 
frm a Table such as that shovm in Table 1. (This 
shows the head-discharge relat'ionships for flumes 
ranging in size from 6 to 24 inches. Sim>lar tableir 
for larger' and small^ flumes will be found in 
References 1 , 2 , and 3) . 

The flow is obtained from this Table as follows; 

Go vertically downward in the column titled 
"Head" ^jntil you reach the value for the 
measured. Note that values of^Head in th>s 
column are given both in feet, 'and Irl inches 
corresponding to the foot values. ' 

2. Proceefl horizontally to the right unti-1 you 
reach the columns fOr the throat w^^^ttTP^^^^ 
flume ir> use. 

3. Read the 'flow in the units to be r;£ported. 
The flow is given in three, units in this 
Table: sec. -ft. (^cubic feet per second); 
GPM (gallons per minute), and MGD (million 
gallons per day). Example: 

Fpr a 12" f^me, with = 0.86 ft. . 

'1. Locate 0.86 ft. in' the "Head" column. 

' 2. Go over horizontally to the right to the 
columns under the "12" throat width. 



3. Read flow: 



3.18 sec. -ft. 
1427 GPM, or 
2.06 MGD 



or 



i 



Water and Sewage Works, 
Reference, & Data Section, 
1954, p. R-277 



ERIC 



Page No.' 1 I-Id 



EFnJjrjnillomOflNG PROCEl^unP-. Measurement of Flqw in an Open Channel by Parshall Flume 



EDUCATIONAL CONCEPTS - MATHEMATICS 



V 



Section II 



TRAi:;Tr;n gutdc !:nT[ 



. \ 



A float gage is shown in Fig. '3, installed in\a 
stilling well for measurement of H^. To illustrate 
the calculation of Hg is assumea that the floor 
of the stilling well is at the same elevation as the 



PULLEY 



FLOAT 



INDEX 




REFERCNCFS/RESOURCCS 



FIG.3 - FLOAT GAGE INaTALLATION 



crest cff the flume, and that -the liquid is flawing 
in the flume with a depth of one foot. The float 
wi 11 , "Of. course, be resting on the surface of the 
liquid in the well, and it is also assumed that for 
{he condition illustrated the tape division opposite 
the float index reads feet. 

ft 

With the specific relations establ i sjied^or 
this one condition, the gage can now be "zerftd" so 
that can be obtained for any other condition, as 
follows: 

(a) A reading of 8-1/2 feet on the tape corre- 

• sponds to an Ha of one foot. Consequently, 
./ a reading of 7-1/2 feet on the tape corre- - 
sponds to an Ha of zero'feet, or to the 
crest elevation. 

(b) Therefore Na can be obtaiaed fo"^-any deptrf^ 
' of flow by Subtracting 7-1/2 feet from^ the 

observed tape division opposite the ^ndex. 

The following points shbuld be noted in connec- 
tion with this procedure: 

(a) If the elevation of the index- is changed, - 
the gage must be re-zeroed. 



• 4 
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(b) If the portion of the ^pe on the pulley is 
changed, M:he gag'e mus't be re-zeroed. 

(c) The tape must be installed so that the 
numerical value of the tape reading 

■increases as the depth ot flow increases. 

can be obtained with the float gage in the 
same manner as described above for H^. 

Discharge through the flume is not reduced from 
the free-flow value until the percent submergence 
aquals or exceeds the following values: 

60% for, 6-inch and 9-inch flumes 
ld% for 1 foot to 8-foot /lumes 

When'the submergence reaches these values, a 
corrected flow must be calculated in the^Lfollowing' 



manner: 



For 6-inch and 9-inch Flumes 

Tfie corrected flow can be obtained directly 
from Fig. 4 for a 6-inch flume, and from Fig. 5 for 
a 9-inch flume. Example: For a 6-inch flume. 



J = i .0 ft. , Hb = 0.8 ft. 
Submergence "'y^x 10£ ^ 80% 



Refer to Fig. 4. On "Percent of submergence" 
; scale on left-hand side, go u^-to the "80" 
value. Move to fhe right along the "80" line-to 
where it intersects the "Hg ^= 1,.0 feet" cwrve. 

Drop vertically from the point' of intersection 
to the "Discharge, Second-feet" scale along the 
bottom of the chart. * 

Read 1.7 - this is the discharge in cubic feet 
per second through the flume. Convert flow to 
ot'^ier units if desired. 

Exactly the same procedure would be followed a 
,9-inch flume, using Fig. 5. 



Ref. 1 
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FIG 4/ D lOg'Orn dcfcrnining rate cf submerged flow for a 6-inch Parshall flume 103-D-897 (Courtesy US 

Soil Conservation Service) 
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FIG 5 Diagram for dctcrm mm-^ tofc of submerged flow for o 9 inch Porsholl flumt> .103-D-898 {CoOrfesy U S 

Soil Corxservaf lon Service ) 
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- 


For Flumes 1 foot to 8 feet wide 
* * w 

Use Fig\ 6. This pro\?ides a correction factor 
to be applied to the discharge obtained using 
and Table l>sthe free-flow discharge table. For 
flumes larger than 1 foot a seqond correction, us^ng 
a "multiplying factor" is necessary. Example 1. 


t 

4 




For a 1-foot flume, 




♦ 


= 0.8 ft.. Ha = 1.0 ft. 


< 




Submergence = £il x lOO = 80% 
1.0 


• 

\ - 




Refer to Fig. 6. On "Upstream Head H," scale 
at left-hand side, go up to 1.0 ft. Rove to 
the right along the "1.0 ft." line to where 
, ^ it intersects tjjg "80% Submergence" curVe. 
^Drop vertically from the point of intersection 
to the ~**Correctioh , second-feet" scale at the 
bottom of the'chart. Read "0.35 sec. -ft." 


r 




Refer to Table 1. For a 12-inch flume with 
Ha = 1.0 ft., discharge is 4;00 -sec. -ft. But , 
the actual discharge will be less than this, 
since submergeffce exc-eeds 70%. To get actual 
discharge^ subtract correction obtained from 
Fig. 6. Then the discharge is 4.00-0.35 % 
= 3.65'sec.-ft. 






Note that "Multiplying Factor" is 1.0, so the 
correction factor obtained from Fig. 6 is 
used directly. 


• 

✓ 


r 


"Example Z , , 
For a 24-inch f lume, ' ~ 

% = 1.23 ft., Ha = 1.30 ft. 

Submergence = ^ x 100 = 95% 
1.30' 

Refer to Fig. 6. On left-*hand scale go up to 
1.30 ft., which is the Upstream Head Ha. 


• 












Page No. ll-H 

t 


• 

ERLC ' 


4 





ERIC 




FjG. 6 

/Ov _ thro 



Diagram for determining correction-td be subtracted from free^discharge flow to obtain rate ^ submerged Lfcbw '^^ 
irough Pdrshall flumes 1 to 8 feet ^id?. 1 03-l)-875.i. (Courtesv^U.S Soil Conservation Sefvice )' ^ / ^ 
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E.3.2 
(cont. ) 

f 

• > 


Proceed ho'rizontaJ 1^^ to the right along the 
" 1 . 30 f t . line. The -poi nt of i ntersectign of 
this line with th^ "95% Submergence" curvet's to 
'be located. Since no cur\*' is drawn on Fig. 6 
for this value of sulxnergence , mentally locate a' 
poimt on the "1.30 ft." iine which is midway 
between the "94/^, submergence" and the "96% sub- 
^ mergence" curves: 


r 
• 


r 


Drop vertically-'from ttiis pc^^nt to intersect the 
, "Correction, second-fe^t" sc^le at the bottom of' 
the chart. Read "2.7". ' . ' " 

• f^om the Table at right side of chart on Fig. 5, 
^ead the "Multiplying Factor" for a 24-inch 
flume. TKis factor is 1.8. 

Multii^ly.* 2.7 X 1.8 = 4.9 sec.-ft. This is the 
correction .factor to be used ]n this case. 


• 




From Taole '1 obt^n free-tlow discharge of '4-2.0 
sec.-ft. for a 2-.foot\f 1 um,e 'Wi th = 1.30 ft. 

Subljfact correation«fact6r from this freerflow 
vfllup to nbfv^in rii^irhflrnp wifh fhi«; Hpfirpp nf 

^ s^bmeVgence ** ^ . ' 






^--jlBcharge = 12.0^4.9= 7. 1. sec. - ft. 
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' -The Parshall 
in-1 1 ne structure 
ably' smooth flow, 
cross-section, is 



Flume is intended for "use as*«^n 
in an open channel wKere re^Qpfi' 
uniform>y distributed across t^e 
the nc^rmal con^it^ion. . ' 



A good degree of accurai^y cannot be mainta ined 
if poor approach conditions/exist fn the approach 
channel. Experience has s/own that Parshall^ FWgs 
shoL^l-d not be placed at^^ght angles to fi^owing 
itreams unless the flow is effectively straightened 
and 'urriformly* redistributed before it entefs^ the 
flume. Surges and waves of any appi^eciable size • 
snculd be el-imirrated'. 

>j 

The >^qui'd should enter the converging section 
reasonably well distributed across the ent:r^ce . 
width., and the flowlines should be essentially 
parallel to the flUme centerline. Flow at the flume 
entrarll^ should be* free of "white" -wat^r and free 
from turbulence in {h|.~forn of .visible^surface 
boils. Only then can\he flucne rr.easure flow 
intended. ^ 



The velocity of flow through the flume wiH 
generally he sufficiently great to virtually 
eliminate any deposition of 'sefliment within the 
structure. If any such build-up is observed, 
however, rt should be eliminated. Deposits should 
also 'be removed from the channel upstream and down- 
stream of the flume. > • - ^ 



:»be determined frojji 



The flow condition c, 
measurements of Hg and Hu.^ener^lly, however, 
these heads do not have to be measured^-the conditi6n 
of flow through the flume can usually be determined 
by visual observation. 



Three flow condit^ions through the flufrue are 
shown in F iq . 7^ ^ ♦ . , 



Hb 



PFFERlNCES/PFSOURCFS • 



^ ' - — — 
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Flow 













FIG 7 - FLOW cor^oiTior^ 
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In f l(;)w\condit^on"2, thei^e is a dropnn the 
elevation of the liquid surface, followed by an 
abrupt rise in t{>e throat.^tJhi s phenomenon is ^ 
referred to as a' hydraulic jump or standing wave. 
When the hydraul iQ\jump is present, free-flow 
conditions ex,is,t. 

« * » 

In flow condition 1, there >s a substantia! and 
smooth drop in the elevation of. the liquid surface 
as it passes through the throat and the diverging > 
section of the flume. Free-flow Gond.itions exist, 
Ajhydraulic jump wiVl be observed downstream of 
the flume. ^ ' 

Flow condition 3 iHustrateP'the conf iguratitin 
of the 1 iqciid' surface for submerged-flow con^ition^. 
Sometimes a.serie^ of waves or r1pp1esrWi1l be noted 
in the transitior^'' area ^etween the upstream and 
dowrlstf^eam :1 iquid elevations. These a<l so indica^te - 
.that subraerged-f low conditions exist.' 

Flumes used in treatment plants ar& selected 
to operate utider free-flow conditions pver the 
range'of flows handled at -the plant. The existence-- 
^of a subnerged-f low condition wQuJP^fl therefore be, 
'most unusual, and m:^gh1: be due either td'the flume 
being l^oo^small, or to, some obstruction i/i th*^ 
Ghar>nel dowi^tream of the, f 1 ume which^ i s raising the 
water level, Iti any^case, it is ilnpor,tant ^o 
determine the re^sori for a sut>merged flow condition,* 
afid take the :appropriate steps, to^ reture'th* fJume 
to 'free*f I'ow oper3*tion> ' * ^ * 



; . F^r a stvlLing well to function properly, the 
opening" or pipe between the well and the flurrre must 
be kept frree of deposits or materials whi^h would 
inteT*fere'with the free mov.ement of Ijqi^d. ''This 
should be checked occasiogal ly^ and any such inter- 
ferences removed by flushing with clean w§ter^X)r 
by some other -^uitAie procedure. Deposits or 
floatii1g"mater^-al-s m the well should also be 
remov* to ma i.nta iji; accurate head rfieasijrement . 

' ' . ■ ■ v' - ■ ■ . 
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Two drawings of a Marshal 1 ^flune are fhown in.v ^ 
Fig. "S. Th^ top drawing shows the appearance of the 
flure i/hen yiev.^d from above. The drawing labeled 
'^'Cection L-L" is the way the flume looks when 'viewed 
from the side, along the line narked "L-l" in the 
tcp dr?'.' ^ng. ; 
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t 



Con verging ^Section 



Diverging 
Section 



Flo> 



W 



injj wa 





Stilling VVells- 




Water Surface 
11. 



SECTION ^-L 
Fig. '8. PARSHALL FLUME 



The flof:e stfucture pr^^po^ ccns 
sections. ' 

1 . convernirc section 
•2. A throat sectio"n_ * 
3, A di verging''sectibn ' / 

(tcnti '"'ied ) • 



ists of thr^e 



Daqe 




ERLC 




EFFLUENT MONITORING PROCEDURE: Measurement-of Flow in Tn Ope., Channel by Parshall Flume 



FIELD & LABORATORY EQUIPMENT 



Section y 



A. 3 Cexjnt'd.) 




A. 4 




r 



y 

TRAINING GUIDE NOTE 



REFERENCES/ftESOURCES 



Wing walls are 5hov>n in Fig. 8 iirmedf ately up- 
stream and downstream of the fluine. In situattons- 
where the channel in which the flume is located is 
wider than the beginning of the converging section 
and the end of the diverging section of the flume, 
these wing walls provide a gradual transition in 
//idth of th^ flowing .liquid*. The.ir function as to /. 
erisure proper approach^and "getaway!' condi ti ons • to ' 
avovd mea-surement difficulties. < Curvetl winqwalls are 
preferred over gi^raight 45^ walls, although any 
arrangement that achieves uniformity and smoothness 
in the- flow is acceptable. 

Flumes can be made of^concrete", galvanized steel, 
plastic, wood, or other suitable material. Flume 
must be built? to specif ic' dimensions , for which 
tables are available (nage*47,,Ref. 2), and close 
^lerances for J^jpW^^^^ ' The floor of 
the convergir^^J*'^?!^^ cresnsjnust be level 

if the flum/ i-* ttT«yT«/ properly . 



Thrpat* Width 



Distance between the walls of ^he throat section. 
FlufT]^ Size , ^ ^ \, 

Flumes' are\designated as to stze by the threat width, 
as a^"B-inch flume," a.^'lO-foot flume," etc. ^ 

Flume' Crest> ^ . 

Moor of ..the converging section. -Sometimes indicated 
as t^he junction^point of the floor of the "converging 
section wi^th tH^ throat section. ^ 

Crest. E^^ation 

ilevation of the^f Itior of the converging sectibn. 
Upstream Head (Ha) 
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Depth -Of .1 iquid in the conv^ging section, measured 
at a point lwo-thir?Js of the section .leVigth upstream 
from the throat (see Fig. P). 

Downstream l^ead (tib) 

Depth of liquid over the fkme crest, measured at a 
^Secific point i^t-the thrpat section^. . For f'lumes 
considered 1n ttiis' guide the p8int of measurement 
^is 2 jrrclies rjDStreani of *the* beqi nni nq of the diverging 
SGdtibn., Because of .turbulence in the/throat section, 
it is often impossible .to determine the head accu- 
rately with a.^taff gager a^id 'a s*ti 1 Liao^H^l should 
fce provided. - The conn^ctiojv between tfrTthroat and - 
V (contiBued) * . ^ * 
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EFFLUENT MONITORING PROCEDURE : Measurement of Flow in. an Open Channel b^^farshall Flume 



I 



FIELD & LABORATOR> EQUIPMEfiT 



Section^ V 



A. 4 (cpnt'd.) 



A. 5 



TRAINING GUIDE NOTE 



still irg well pust be located two inches upstream . 
fron the n>w point in the fleer (dimension X, Fig, 8) 
and 3 inches above 1 1' ^dirnensi on Y, Fig. 8). 



StilUng Well (Float L'ell 



A-chanber coanej^ted through a small opening to the 
liquid flowing in art open channel. W^ves and surqes 
occurring in the flowing liquid wiU^not appear in 
th^ well. Liquid level in the, well will follow all 
the steady fluctuations of the'flov/ing liquid. The 
well P'ust nave- a bottom and be practically water 
tignt except for t^e liquid inlet. 

Free f^lo'/ 



in 



A flow coi^diticn 
crest of the f 1 ur.e is 
downstr<^ar. 'conditions 



w^ich liquid passing over the 
uoi inpeded or slowed ty 



Submerged 



Flow 



In^rrcrst installations, wnen, the discharge through 
the flume is i ncreased abpve a certain critical value 
the resistence to f 1 o\^>1Pfr the downstream channel 
becomes large erougn to reduce the velocity, increase 
tne flqw dept'^ and cause a back water effect at the 
flume, in which the flow is r^^t'^.rded ancj discharge 
reduced. ^ ^ 

Subm.ergence ' 



gei 

The ra?^o H, , usua,lly expressed as a percentage. 



he Par^hal 1 Fl une 

of flow tnrough iT*^ 
width), and the depth 
Discharge through 
di tions of flow. 



section, sc constructed 

depePfds only 



the 



IS a specially-shaped flow 
and^ instal led that the rate 
on its size (throat 
of 1 iquid over the crest, 
^lume can occur for two ccm- 

4^ - 
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1. Free Flow, in which the 'discharge depends 

only on^'the ufDstream head H .^'V'hen "free- 

a 

flow conditions ex; st, 'tliscf arge through the 
, flume can.be obtained by me'asaring the ud- 
• stream he^ only. ^ 

2. Submerged Flow, ir, vhich the discharge is 
reduced" due to thp effect of the dppth of 
1 i^uid' downstream of the flume. In this < 
case It IS necessary t^^ measure both' thp 

in order 



upst^ear. head and the doynst-rearr head fi^, 



ERIC 



to obtain the discharge-. 
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EFFLUENT MONITORING PROCEDURE : Me^rement of Flow in an Open Channel by Parshall Flume- 



FIELD S LABORATORY EQUIPMENT 



Section V 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



A. 6 




A. 7 




er|c 



A staff gage (Fig. 9) is a graduated scale, 
usually installed vertically, for obtaining liquid 
depth, or head. An orferver notes the scale divi- 
sion at which the liquid surface intersects the*" 



9k 8-1, 



gaqe (gage height), 
be calculated. 



FKo 9 - STAFF 
GAGE SECTION ' 

he head and ^scharge can then 



Conmercially-available gages are made of 18-gage 
metal' coated v/ith'a substantial thickness of porce- 
lain enamel. The face of the gage is white; numerals* 
and graduations are black. Gages are available in 
several styles;^ in widths from 2-1/2. to ^ inches, in 
lengths frorr. 1 to 5 feet. A gage divided ;ln metric 
units IS also commercially available. 

A float gage (Fig. 10) is a means of continu- 
ously indicating liquid levels. It consists bf a 
rT]ital float, a pulley mounted on a starldard, and a 
c^bnterweight . A graduated stainless steel tape is 



i 



(Fig. 



attached to the floa^t 
to the CQuhtervyeight. 



10) 

and connected at the other end 
The float folVows the rise and 



^^continued) 



1 V 
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EFFLUENT MONITORING PROCEDURE: Measurement of Flow in an Open Channel by Parshall Flume 




FIELD & LABORATORY EQUIPMENT 



Section V 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



A. 7 (cont'd.) 



fajl of the liquid surface and the level can be read ^ 
from the tape and a pointer or reference nark. Tapes 
are "available in selected .lengths, and are gracJuated 
either in feet, tenths andyhundredths for English 
measurements, or meters ,Lde)cimeters and centimeters 
for metric measurements . V/, 

The flo^t gage is used extensively as a refer- 
ence gage in stilling wells to Check the accuracy^ 
of automatic head or flow recordi ng j|pvices . 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES . 



for the 

MEASUREMENT OF FLOW IN AN OPEN CHANNEL BY » 
S.HAfi£:i£RESTED WEIR 



as applied in 

WASTEWATER TREATMENT FACILITIES 
and in 

MONITORING OF EFFLUENT WASTEWATERS 




eloped by the 



National Training anq Operational Technology Center 
Municipal Operations and Training Division 
Office of Water Program Operation^ 
U.S. Environmental Protection Agency 



EN.FM.EMP.ltr.8.76, . ? _ 




EFFLUENT MONITORING PROCEDURE: 



Measurement of Flow in an Open Channel by 
Sharp-Crested Weir 




This Procedure was developed by: _ . ' 

NAME Charles E. Sponagle 

/jiDDRESS EPA, OiiPO, HTOTC, Cincinnati, Ohio 4b268 

POSITION Sanitary Enaineer-Instructor 

EDUCATION AND TECHNICAL BACKGROUND * 

B.C.E. Manhattan College, 1943 
' .M.S; in C.E. - University of Minnesota, 1948 

Professional registration. New York State . ' 

With Federal Water Pollution Control Program since 
1948, with various assignments at Program Headquarters, 
Regional Offices, and Field Stations, including, positions 
as . ' 

Staff Engineer, then Chief, Water Quality Section, 
Denver Regional Office 

Staff Engineer, then Regional Construction Grants 
Program Director, Denver Regional Office 

Regional Construction Grants Program Director, 
Cincinnati Regional Office , 

Director, Colorado River Basin Water. Quality 
Control|Project, Denver, Colorado 

Industrial Wastes Consultant, Technical Advisory 
and Investigations Branch, Cincinnati, Ohio 

Participation ^in and Direction of numerous in-plant 
industrial wa^te surveys and stream studies in tJew . 
York,NColorado, New Mexico, Maine, -Utah 

With National Training Cent?r September \969 to date. 
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EFFLUENT MONlf ORING^OCEDURE : Measuremerjt of F.jow in an Open Channel by. 



Sharp-Crested Weir 



-1. Objective: - - ' ' • 

The student will be able to make an acceptabl a n1,easurem^nt of flow rate 
in an open channel by means of a preihstalled sharp-crested weir and 
- vertical staff gage or a'float gage. 

- ■ ^ ■* ■ 

2. Brief Description of Procedure: . " , 

The depth of liquid producing flow over^a weir is. measured . ' This measure 
ment is wsed to obtain the rate af flow'in the channel at' the %me the 
observation was made. 



General Description of Equipmejit used in the Procedure:' 

1. A Weir over which the liquid flows. ' 

2. Means for visually observing depth of liquid above the weir crest, 
such' as a staff gage or a float gage. . ^ 



;i6 ! 



EFFLUENT MONITORING PROCEDURE : ,Measur^nt of Flow in 
r* ] '' ' ^ by' Sharp-Crest-^d 'Weir 



an Open Channel 



OPERATING PROCEDURE^ 



A. Bafeic Elements 
r/ Units of Flow ^ 
^Measurement 



•STEP. SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAifii::G 

GUIDE f;GTES 



Description of'- 
Process 

. 3. Definitions 

4. Types of feirs 

' 5* Staff Gage 

6.-' Float iSage 



B. Preparation .fJr 
Measurement 
1. Physical 
Conditions 



36 



II.A'.I (p. 9) 

I. A. 2 (p. 8). 

V.A.3 (P; 16 )• 

V.A.4 (p.- 16,) 

V.A.5 (P- 18) 

•V.A.6 (P- 18) 



1. Inspect weir %jlkh Ad. 



2. Inspect weir plate». 



3. Irfjpect nappe. • 

■y '■ ■ 

4. Irf5pect approach .channel . 

5. Allow fjow to .-stabili^. 



la. No 'leakage. ' , ^ 

lb. Bu^lthead vertical. . ^ 

Ic, Bulkhead perpendicular to direction of flow. 

••2a. Crest horizontal ' " - / 

2b. Crest*at zer6 gage elevation - r . ' j 

No nicks or dents . ' , 

^d.;-.No clirigiitg^ debris or buiVd-^p of greasp, etc.* 

3a. f^o subrpergence. ^ 

3b. ♦Springs clear of downstream $ide of weir plate. 

'4a. No large submerged or floating objects. _ ' 
4b. "No excessive sediment deposits. 
<s 

5a. •Undisturbed flow coVidition. 



V.B.1.1 (p.. 19) 



V.B.I. 2 (p.' 1-9) 



V.1-W.3 (p. 20), 



V.B.1-.4 (p.. 20). 



V.B.I. 5 (p. 2r) 
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EFFLiJE?IT MOilITQRLNG PROCEDURE : Measurement of Flow, in an Open Channel 
' ' 7- by 'Shar^-Crested Weip - ^ ' 



OPERATING PROCEDURES 



C. Flow Me'afsurement 
Using Staff Gag^^ 
1 .• Determination erf 
6 Hea^G 



2. Determination. of 
Flow Rate 



D. Flow Measurement 
Using Flpat Gage 

1 . Determination gf 
Head 



* 2. DeterminatTon af 
Flow Ra«^^ ' 



STEP .SEQUENCE 



1. Read gage division at which 
1 fquid' surface Intersects 
ga^ge. 

'2. Calculate head on weir. 
1. Use appropriate weir ta^le. 



1. Read tape division opposite 
■index on" float gage. 



. 2. Calculate head on weir. 
1. Use appropriate /eir table. 



KiFORMATION/OPERATiriG^OALS/SPECIF^CATIONS 



la. To nearest division. 

lb. This heading should be made at a distance at 
least 2.5 H upstream o? the w6ir. ^ 

2ar From staff gage reading. 

2b. Should not be les^ than 0.2 feet. ^ 



la. 
lb. 



2a. 
2b. 



To nearest division 

This readilig should be made at a distance at 
least 2.5 H upstream of th6 weir. 



^From fl6^t' ga\_reading 
Should' not be IWs.than 0.2 feet. 



EFFlUENT MONlfbRING PROCEDURE:' 



Measurement of Flow in a-n Open Channel 
by Sharp-Crested Weir : 



TRAINmG GUIDE 



SECTION ■ 


TOPIC , - - 


I* 


Introduction 


II* 


Educational Concepts - Mathematics. 


III 


Educational .Concepts - Science , 


IV 


Educat^X)nal Concepts - Communication 


V* 


Field & Laboratory Equipment 


VI 


Field &' Laboratory Reagerts 


VII ° ■ 


Field & Laboratory Analysis 


vi-ii . .. 


Safety • ^ ^ 


u 


R-ecords & Reports 


9 


t ' 


1 


» 




*Trciining guide materials: are pr'^sented here under the Readings marked *. 
These standardized headings are- used throughout this series of procedures. 



EFFLl': >T \mU(' i:"-^ PROCroir-:' ^Measurenent of Flow in an Open Channel 
. * * * by Sharp-Crested Vieir 



Intro<Ju;:tionii 



Section I 




A. 2 



Flow 6f a liquid in'cijn open channel can often be ^ 
conveniently and accurately neasured by means of *a 
st^Vp-cre^ted weir -instal 1 ed in the channel. For-a 
wei.r of's^ecific size and shape v.lth free-flov.- - 
steady-state cancitions and Droper approach gort- 
dltions, onl>^ one. depth of Irquid can^ exist up,strean 
of the weir for given flow. Tne flow is determined 
ty reasunng tWe vertical distance from the crest of 
the weir plate to the urstream liquid surface and 
then usin^ a weir ^orrr.ula 'or v^ir tab^e.. The ?^eiT 
rust ^ave a standard shace ancj dirensions., and be 
mstallec sc {hat tKe-syster performs in a stancard 
^nner. 



1. Handbook of Hydraulic^V 
King^ H.Q. McGraw-Hill 
•iY, 3rd Ed. 1 939 ' • ' 

-Z.'Vater Measurement 
Manual , US Dept. Irl.terior, 
Bur. Riecl amation, Denver, 
CO,v?nd Ed. 1967 

3, 'Stevens Water 
Resources Data 5ooK' * ' 
Leupolia & Stevens 
•Inc. , 'Box 658, / 
Beaverton, Oreoon, * , 
9700p. ^nd Ed^ 
S4,00 
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FFFLUENT M ON IT QRING ^ROCCf^URE : 



Measurement of Flow in. an Open Channel 
by Sharp-Crested Weir ' . • 



Educationa'1 Concepts - Mathenatics 



Section *II 



TR'MflING C'J:G: NOTE 



REFFRCUCES/RESt^lJPCES 



A.t 





' Flows - Units of Measurenien-t 

I. Flow, or Wow Rate, or .Discharge. 

A?l of these. terms are commonly used 'to rjefer 
to the* quantity of liquid passing-a point in. a 
• certain time interval., . , • 



■II 



QuantUyof Ijquid can be* expressed in ^ * 
number of ways. Comnion units a^€ tbjg^ ga"llon 
(Gal) and the cubic- foot^cu . ft., ft.^^'i To 
change from one of these measures to anbther, 
use tf^ tabl e below: 

Mul tipl y by To obtain 



cu. ft. 
Gal . 



7.5 
C.134 



Gal . 
cu. ft. 



JII. Flow is*usually expressed i n 'these 'uni ts : 

Gallons per minute (GPK) 
Million gallons per day (MGD) 
' ' fubtt feet per second^-icf s ) , ' 

^0 change from one of these units to another, 
use this table: 



Mul tiply 

cfs 
MGD 
cfs ' 
GPM 
MGD 
GPM . 



by To obtai^n 



0.646 

1 .55 
,4/18.8 

0.0022 
694.4^^ 
' 0.00J44 



KGD 
cfs 
(3PM 
♦cfs 

GPM 
MGD 



IV. Flow data Is needed to calculate the quantity, 
of xonsti tuents discharged in | pl^nt effluent. 



Formulas ar^- 

, lb/day .=.^g6 x mg/1 x 8.34 
' Kg/day ='mGD x mg/1 x 3.78 
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EFFin CIT MOfnT C/PI TIG PROCr iO'iRF * Measurement o^^ Flow 'in an Open Channel 

* - by Sharp-Crested Weir 



Educational Conce[?ts - Matherratics 



CI 



C,2 



jr.'. T " ^ vy-^' 



The head^ -the. 'weir is calculated fron the staff 
•gage rfejW^pg. Either of twa conditions iray exii^, 
depending on zero gane elevatfor?: 



se I - Zero gage elevation is at "0 on tne gage 



LIQUID 
SURFACE ' 3r 



WEIR 
CREST 




FIG. 1 - HEAD ON WEIR 



T-,e head on tne \;t\r ccr^es:5ond5 the gage dr/isTcn 
jr:ersectec by. the -surface of tr^e i>tfuid. Ir^K the 
'above diagre'^ H-2 feet. 

Case II - Zero gaga ^\t)iil^on is ^t' sor^e ga.qe • 



divisio/i -other 



than "0" 



Tne Giagra^' belc- iliustrates tMs case v^hen tn^ . 
! -fcct^dTv sior cn the cage is at the sane elevation 
as t^e .'/eir c^est. 



LIQUID 

SURFACE 9^^^^ 



^ WEIR 
CREST 




• " FIG, 2 - HEAD ON WE-IR ' 

Since the rJad or the y;e^r is the difference betwe<}n 
zero gage eievaticr and the gage diy;sion intersected 
by t[i^ 1 iquiV surface,. ='=3-1=2 feet.' 

Having ceter^lned the 'head on the v;eV% the flow 
rate can be obtained frC'^ -a weir: table. The proper 
table for the type ot weir in use-n^stj:e' s.elected. 
The use o^ weir tables is ->own bplow,'** ' ' 
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ErriUENT nn NITORinG PROCl-OURE : M'easurement of Flow in, an Open. Channel 
•* ' , - by Sharp-Crested Wei,r 









V 

Educational 


'Concepts - ^lathematics * * * • . 


Section \\ 


TRAIIinif^^ CUIQZ f;OTF ' 


PEFERENCES/RESOUPCES \ 


C.2 (Cont'd) 


lise of 'weir tdble^. 






\. 90 V-notch weir - Table I 






This table lists flows corre3»pondi ng to weir heads 
ranging from 0.10' to 2.09'. The flow for' any heacf 
in this range ca'n be read directly from the table. 






Example: For H=0.65' ' , 




• 


At intersection of values of 0.60 in^left-hand 
head column and 0.05 in top column, read 






0=0.852 cfs or 0.550 MGD 

■JO 






2, Standard Contracted Rectangular Weir - Table II 


Ref. 3 


1 


Flows are given for various heads and for weirs 
having different crest lengths. 

Examp'le' Weir crest=3 ' 

.K=0.26' 






^ Pead fror^ tabl^ Q=l JC cfs or 0.^4 MGD 






3. Standard Suppressed Rectangular Wetr - Table III 


R^f. 3 




The format of this table differs from that^of 
Table IJ in that the flow .is'given per foot of 

. weir crest length. Values obtained from the 
table n^st therefore be multiplied by the 
cfc^st length of the weir to'obtain the total ^ 

. flow. * ^ - 


/ 




-^xamole: Weir crest length=10' 
\ • - H = l .0' - • ^ 






Frort table; '>^^cfs or 2.15 MGD 

This IS Ihe flow per foot weir length; -thereT 
fore the total flow over the. weir is 






0-3.33 X 10=33.3 cfs or 21.^ MOD * 




* 

• 
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EFFLUENT MONITOmNG- PROCEDURE; '-"j^fiasurement cf Flow in an Open Channel 

bf- Sharp-Crested Weir 



3 





TABLtl 

DIStHARGt OF 90° V NOTCfi WEIRS 
FORMtL\CFS=O50H^ - MGD=lFSx 646317 



HeaJ , 




01. 


7 

(i2 i 


11^ 


; 04 


• 05 1 


06 


0" 


• 


08 




0^ 




\ 1 


CI s 




( I S 


MC;D 


C f S 


MC.D 


r [ b 


MC.U 


C fS 


MOD 


c rs 


mod! 


( \ S 


MOD 


( ] S 


MOD 


(1 S 


MC.D 




MOD 


fi 1 _ 






010 




Oi2 


oos 


Ois 


0V» 


01 0 


ftl2 


022^ 


014 1 


026 


0) " 


030 




034 


fi22 


039 




" 2 


04 5 


'"2 


051 








Oh 3 


041 


' on 


046 


078' 




08^ 




045 


061 


104 


067 


111 




(( ^ 






134 




145 


044. _ 


156 


101 


164 


f04 


181 


u- ! 


194 


\:\ 


208 


1 14 


223 


144 


23-^ ' 


! 


(' 4 


* 25 ^ 


■M 




! 4 


2H6- 


'1 85 ' 


303 




321 


207 


140 




359 




174 


24 5 


199 


25k 


420 


27 1 


•'t ^ 


' 442 




464 




487 


. 315 


511 


Is 


536 


346 


561 


3^"^ 1 


5ii7 




613 


146 


640 


414 


66k 


4^2 


'\ t, 












484 






814 




8>2 




885 




919 


^94 


95 3 


h\h 


989 


f)l4 ■ 








1 


f ^^ 


1 10 


"11 


K 14 




1 1.8 


71^ 1 • 


1 22 




1 I*-' 


8 14 


1 30 


S41 


1 34 


86 8 


1 39 


896 


i) >s 


4 




1 48 


^4 


J 52 


984 


1 " 


1 01 


1 62 


! in 


1 6" 


1.8 


1 71 


1 1 1 


1 76 


1 14 


1 82 


I 18 


1 8" 


i 21 


H i 




i ^4 


1 


i y 


2 03 


1 31 


2 oy 


1 ^5 


2 14' 


1 38 


2 2'» 


1 42 


2 J6 


! 4f. 


2 12 


1 Ml 


2 38 


1 54 


2 44 


1 


1 ' ' t ' 






\ 


2 


1 -^0 


2 69 


I 74 


2 


! 


2 ^2 


i 82 


2 89 


i 


2 46 


1 '->! 


3 03 


I 9^ 


3 10 


2 Of. 


2 ')5 




2 1 ^ 


3 32 




3 ^9 


2 \') 


1 47 


2 24 


3 55 


2 24 


« ^2 


2 ^4 


3:0 


2 39 


3 78 


2 44 


1 8h 


2 44 


[ 1 : 


^ <4 




'4 'r. 


2 'i') 


4 n 


I 6fi 


4 W 


2 "1 


4 2h 




4 17 


2 82 


4 4f> 


2 8« 


4 >4 


2 4 1 


4 63 


2 99 


4 


^ n6 


! 


4 -1 




4 '^1 


s j - 


5 00 


3 2^ 


5 10 


• 3i) 


^ 20 


s If, 


5 24 


3 42 


^ 19 


^ 48 


5 49 ^ 


1 ^ 


^9 


161 


^ 69 


1 6"^ 


1 4 






; 1 


M 


6 01 


3 88 


6 11 


3^45 


^ 22 


4 (12 


6 .13 


' 4 04 


U 4^ 


4 U- 


6 ^^ 


4 2\ 


6 66 


4 30 


f. 77 


4 ^8 




' 


4 4 ^ 




4 V 


~ 12 


4 60 


7 24 


4 68 


7 36 


4 "6 


7 48 


• 4 83 


" hh 


'4 M 


7 ^2 


4 44 


7 84 


(1? 


" T 




■/ 

1 ( 


- 1.1 


^ 24 


^ 22 


^ ^! 


n ^^ 


5 40 


8 48 


4^ 


8.61 


5 5^ 


8 74 


: 5 6^; 


^ 88 


s -4 


9 01 


5 8:; 


9 15 


5 91 


9 28 


h < t.) 


1 " 


4 ^ 






! ^ 




6 27 


^ 84 


U ^6 


4 48 


0 45 
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EFFLUENT MONITORING PROCEDURE: M^jiJrem^t of Flow in an Open Channel 

b'r'narp-Crested Vltir 



' TABLE 2' 

^ FLOW THROUGH REC TANGULAR WEIRS 

WITH END CONTRACTIONS 

Formula CFS# 2H)H^^'^ MGD = CFS X 646317 
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EFFLUENT MONITORING^PROCEDURE : Measurement of Flow in an Open Cha-nnel 

♦ ''by, Sharp-Crested Weir 



TABLE 3 

FLOW PER FOOT OF LENGTH THROUGH. RECTANGULAR 

WEIRS WITHOUT END CONTRACTIONS 
Formula CFS = 3 33LH^/- MGb = CFS x :646317 ' 
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EFFLUENT MONITORI N G PP^CEDURE : Measurement of Flow in an *Open Cha) 
^ • • \ by Sffarp-Cr^sted Weir 



Educational Concepts - Mathematics 



' ^ecti(^ II '" 



TRAINIf:r. GUIDE [lOTE 



ERIC 



A float gage is shown in'Fig. 3. installed in a 
^stillfng-weH for measur-ernent or^t+te head on 'the 
weir (H). The floor oV'the stiljing wel'^ is level 
with the bottom of the channeV in whicih the li^iuid 
is flowing. In order to use the gage^ to measure 



0£~GAGE INDEX 
r R^'STrLLING'WELL 



WEIR 




FIG. 3 - FLOAT GAGE INSTALLATION. 



the head on the weir, it must be ^'zeroed" under a 
set' of. known conditions, wh.ich are, for purposes' 
0"^ illustration, 'assumed to be as shown in the 
f.igure. T,hese condition^ are as follows: 

Height of the weir cres^t above tfhe channel 
floor - 1- foot . ' / ^ 

Depth of liquid at the gage site - 2 feet 

Tape reading opposite gage index - 3 feet 

Under these conditions^ it is known that the head 
on the weir equals one foot, i.e. liquid depth at 
the' gage (2 feet) minus the distance from the floor 
of -the channel to the weir crest (1 foot). There- 
fore 2 feet must, be subtracted from the gage tape- 
reading to obtain the head on the weir. Conse- 
quently, by subtracting 2 feet from the tape 
re^jng ander any other condition, the head on the 
weir will be obtained. ' 

The following points^ should be noted in connection 
with this procedure: , , ' 

(a) If the elevation of the gage in(Jex is 
changed, the gage must be re-zeroed. 

^(b) If the position of 'the tape on'the pulley is 
changed, thie g«ge nli-st be re-zeroed. 

(c)'The tape must be installed ^so that the 
numerical v§lu^ of- the tape reading in- 
creases as the depth of the flow tncreases. 
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EFFLUENT MOIilTORING ^PRO CrpURE: .'Measurement of Flt)w in an Open Channel 

by Sharp-Crested Weir 



F,ield and Laboratory Equipment 



SECTION V 



TRAIIIINO CHOC IIOTE 
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"A side'view^of a-"Ghiinnel in whicf^a weir has been 
i/istalley is shown in Fv^.'4. 



LIQUID SURFACE 



HEAD(H) 



.WEIR CREST 
NAPPE 




. - ^ FIG. 4 - WEIR INSTALLATION 

S 

The following definitions apply: 



Weir - A notch- of regul ar* f orfr 
liquid flows. 

Weir ^Crest - The . 
flows V ' . ^ . 

. Sha^rp^-crested Wetr - A weir with a sharp upstream 
edge so formed that the liqu^ springs clear of 
the. crest ' ■ 

Head on Weir - (H) - opstream depth of liquid over 
the crest of the weir. For a V-notch weir^ the 
depth' Ts medsiTPted fiTom the boftom of the notch. 

Nappe the overfld'wing sKeet of liquid. ' 

Free* Oi scharg^^ (f ree-f 1 ow) - when nappe 
discharges into the air. 

^ Submerged Discharge (submergence) -.when liquid 
level downstream of the weir is at a higher 
elevation, or the san}e elevation as the weir- 
crest, so 'that the nappe ^di Scharg^s partially 
' under water . 

Zero Gage ^Elevation - The division on the staff 
gage which is at the same level as the weir 
^ crest. 

Weirs are designated according to the shape of the - 
nofch through which the li(!iuid flows/* The types 
of weirs frost commonly used to measure v/astewater 
flows are: 




* 




EFFLUCNT HO N ITOR I ' WQCEDUfNE : Keasurenent Flow i/i.an Open Channel 

by Sharp-Crested Weir 



Field and Laboratory Equipment' 



Secrtion V 



TPAii;ir:G Gulrlr r;oTE 



A. 4 (Contyd) 





ERIC 



1. The 90° V-notch (triangular) weir, which has 
sides 1ncl ined^'45° from the vertical. 



METAL 




SECT..A-A 



FIG. 5 . 90^ V-NOTCH WEIR ' - 

(NOTE: Triangirlar weirs having notch angles other 
than 90°. may also te used. Angles of 22-1/2°, 
46°, and 60°, will sometimes be seen. Procedures • 
for using these Weirs are exactly the same as for 
the. 90° weir-, except that differpt formulas and 
weir tables apply. It is necessary that the ; 
proper formula or liable be selected for the specific' 
^eir being used.) ^ ' 

2. The standard contracted rectangular weir, or 
v/eir with end contractions. 



/ 



CREST 



L=CREST 
LENGTH 

SEE FIG. 5 
FOR 'SECT A-A 



I^EFFREN'CES/RESOURCES 



FIG. 6 WEIR WITH END CONTRACTIONS 
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trAininh guide rioir 
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3. The standard suppressed rectangujar weir, or 
veir without end contractions. 




•L=CREST 
LENG^' 

SEE^^G. 5 
SECT. A-A 



^FIG. 7 - SUPPRESSEpy^EIR 



The Wi^ir notch or weir cre^X^; shown in the above 
illCistrWions, is cut,vitl/a sharp upstream edge 
into a i^latively tMrympia] plate tha^ is mounted 



on a suppX)rting 
thick, (3/64 

A standard ^ta^ 
measurements 




hea^'. The crest should be 1-2 mr 

ch) 

, used for obtaining head 
strated below': • 




9^ 

5-1 
3-1 

2-i 



PIG.8 - STAFF' 
GAGE SECTION 



Commercially-available gages are generally made of 
18 gage metal coated wtth a substantial thickness -of 
porcelain enamel.. The standard gage is 4" wide and 
3-1/3' long. The face of the gage is white; numeral 
and graduations are black. Ga^^s may be made to any 
length desired, using similar details. 

A float gage (Fig. 9) is a' means of continuously- 
indicating liquid levels. It cor>si^s of a metal 
float, a pulley mounted on a standard, and a 
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FFFL UENT MONITORING PROC^ l^lJf-LE,^. Measurement of Flow in an Open Channel 
" ' " by Sharp-Crested Weir ^ 



Sharp-J^resi 



Field and Laboratory Equipment f 



Section V 
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BJ..1 



3.1.2 




ERLC 



/ 



FIG. 9 - FLOAT GAGE 

countfferweight. A graduated -stainless steel t§pe is 
attached to the float and connected at the 'other 
erjd to the counterweight. The float follows 'the 
rise and fall of the liquid surface and the level 
can be readAfrom the tape and a pointer or 
reference mark.. Tapes are available in' selected 
lengths, and are graduated either in feet, tenths, 
and hundredths for English mea s^i icemen ts, or meters, 
decimeter^s and ceT^tlmet^rs for metriif measurements. 

The float 5age is used extensively as a reference 
gage in stilling wells to check thk accuracy of % 
automatic head or flow recording de\^'ioes. 

The measured head will be too low If leakage ^f the 

liquid occurs along the sides or bottom of the 

bulkhead. All observed leaks should b^ immediately 
eliminated. * . • - • 

The upstream face of the bulkhead should be in a 
vertical plane perpendicular to the -axis of the 
channel, for accurate results., 

The bul'khead. should jDe perpendicular to the 
direction of liquid flow, for accurate results: 

The'weir crest must be horizontal for standard 
-formulas and weir tables to^apply. The- crest 
'should checked peri^)dica1 ly , and leveled Jf 
requi red . • ^ 

%• 

i-* tj 
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TRAI[;niG GUIDE NOTE 
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The gage division which, is at the elevation of the 
• v/eir crest will be referred ta as the'"zero -gage 
^elevation." Its value mus^t be known in order to' 
calculate the head on the weir. When a weir in- 
stallation's ma(de, the zero gage eleyation is 
determined^ but, si^nce this may change'for some 
reason, it should be checked from time to'time and 
a new^ zero elevation established, if necessary. 

.Small n^icks and dents can reduce /he acciiracy of a 
weir installation. ? Those that do occur should be 
carefully dressed with a fine-cut file or stone, ■ 
stroking only in the plane'of the upstream weir 
face, the plane of the weir crest or sidesj or the 
plarie'of the chamfers.. Under no circumstances ^ 
should the upstream corners of the notch be rounded 
0^ chamfered; nor should the shape of the weir 
opening be changed by attempting to completely re- 
move any imperfection. Instead, only those portions 
of the metal that protrude above the normal surfaces 
shtiuld be removed. In extrenie cases , replacement 
of the weir»plate may be required. 

Build up of extraneous material -on the weir crest 
can cau^^es^accurate results. Such material should 
be cleaned off the. weir plate prior to a head 
measurement.' 

If the liquid 1 eveV downs tream of the wejr rises 
high enough so tha,t th^re is no air space under the ■ 
nappe, use of standard formulas and, weir tables wiM 
produce inaccurate results. The nappe njust be 
•ventilated, i.-e., h^ve^an air space underneath it. 
Do not attempt to use the weir as a measuri ng^device 
if it is operating under a condition of submerged 
discharge. 

If the nappe doe? not sprang completely -free of the 
weir» but clings to the downstream side wholly or in 
part, an inaccurate result w^'ll be obtained. The ' 
caus-e of such a condition m\j5t be determined, and 
the c^dition corrected, if- good' data are to be ' 
secured. ♦ . . , - 

Any large submerged or: floating objects in the 
channej upstream of the wei r^shouVd/ be removed. 

Sediment deposits behind the weir structure can ' \ 
affect the, accuracy of the instil 1 ap^on . Deposited 
material must be cleaned out when the vertical dis-' 
tance from tj^^op of the deposit to the weir crest 
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Section V 
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^ore frequent clea^in^ is 



\is one foot or less. 
Viesirable, ' 

\ 

disturbance of the normal flow pattern^will affect 
t^e accuracy of a measurement made "while. such dis- 
turbance exists. If the normal flow is disturbed 
fo^ any reason in connection wi^th obtaining a head 
reading, adequate time should be allowed before 
mak{ing the reading, ^so that normal conditions may 
iVe-establ ished. * * 



■J . 
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A PROTOTYPE FOR^ "DEVELOPMENT OF ^ 
ROUTINE OPERATIONAL PROCEDURES 



for the' 



AMPEROMETRIC DETERMINATION OF FREE AND COMBINED 

RESIDUAL CHLORINE IN WATER y 



I 

I 




• as applied in 

WASTEWATER TREATMENT FACILITJES 
and in the 
MONITORING OF EFFLUENT WASTEWATERS* 



Developed by the 
itionail 



National Training and OperationaM Technology Center 
Municipal Operations and Training Division 
Office of Water T>rogram Operations \ 
U»S. Environmental Protection Agency 




O Cli.CL.EMP.2a.3.77 . p^^^ ,3., 

ERIC ' ' • . . 
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EFFLUENT MONlTORlNa PROCEDURE: v'Anf^rometnc Determination of Fr'ee and Combtned 



Residual ChloViae in Water 

♦ 

This iJistructional sequence w,as developed by: • 
NAME Paul F. Hall bach 

ADDRESS SPA^IPO, NTOTg. Cincinnati. Ohio 45?fiR 
POSITION Chemist Instructor 
EDUCATION ;>ND TECHNICAL BACKGROUND ' — 

B.S. - Chemistry 

« 

14 years Industrial -£hefrist 
16 years HEW-FWPCA-EPA-Chemist 



I 
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^ EFFLUENT MONITORING PROCEDURE: -AmTierometcic Detenninaticm of Free and Combined 

R^sidyal Chlorine in Water ^ 



1, Analysis Objectives 



t 



The' operatoV wi]l be able to perform an amperometric titration f^or the deter?hinatjon 
of free and combined residual chlorine' in water. , 

2, Brief Description of Analysis* • 

Free -avail abl e residual chlorine and combined residual chlori'ne are titrated . 
successively using an^^ampelrometric titrator. 'The free available residual chlorine 
is titrated first. The sample. pH is then dropped to' 4 by adding buffer solution ^ 
pH 4 and -then potass^-u'm iodide is added to the s^ample. The first titration Will 
^' represent the free available residual chlorine while the- second titration v;11t 
^represent the 'combined residual chlorii[ie. 

Applicability of this Procedure: ' • 

a. dange of Cancentration: f.^^ 

Ch^drine residuals over mg^l are best pleasured by means of smaller samp|^'s, 
-^or by dilution wi'th water that neither is chlorinated nor has a chlorine riband. 



b. Pretreatment'Of Samples: 
None ^ ^ • ' 

c. Treatment of fnterfer^&s in Samples: 
None 



♦Standard Meth6d€- for the Examination of Water and Wastewater, 14th Ed., 1975. APHA» 
Washington, D.c'. , p: 322 ^ 
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EFFJ.UENT MOHITQRING PROCEDURE: toperometric Determinartion of Free and Combined 
. / Residual Chlorine in Water * 



General Descriptioti of Equipment used in the Process 

A. Capital Equipment t 

1. Amperometric Titrator Assembly - Wallace and Tiernan* 

B. Rejjsable 

1. 1 pipette (1 nl capacity) 

2. 1 pipette (5 ml 'capacity) ^ 

3. 1 sample cup (to contain 200 ml) 
4^1 plastic squeeze bottle 

C. Consumable^* * ' ^ 

1. \ bottle phenylarsene oxide solution 0.00564. r[ (16 ounce) 

2. 1 bottle pH 4 buffer solution (4 ounce) 

3. 1 bottle pH 7 buffer solution (4 ounce) 

4. 1 bottle potassium iodide solution (4 ounce) 

5. 1 bottle sodium chloride electrolyte tablets (8 ounce} 



c 



♦Mention of a specific brand name does not constitute endorsement b)^the 
U.S. Environmental. Protection Agency** * 

♦♦Consumable reagents IVsted are available from Wallace S Tiernarn Industrial / 
Products Division, 25 Main St., Belleville, NJ 07109 
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^ Conb^ned Residual Chlorinp in WateV 
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'OPERATING PROCEDUPv^S 



A. EqiKipment Preparation' 



STEP SEQUEt^CE 



1. Set up titrator on work 
. ' bench. ^ ,~ 

2. Select ^rbpe^r pipette for " 
tttratvon. 

3. Lightly gre'ase the*lx)wer 
end and insert it in the 
top of the^pump*unit on t^e 

j side of the titrator*. 

4. Fi'll the pump squeeze bottle 
. about 2/3 to 3/4 full with* , 

phenyl ars'^ne oxide soluti,6n. 

5. Screw ^he^ battl e .on to the' 
pump, ^ ^ *' S 

6. Pour sufficient. ^lectrolyte 
tablets Into the^reTl unit 

,to filf the Chamber about • 
S/3 full . 



Add enough 'dtstille^ water 
tolri^r t'he t^iblets. ^ 



7. 

8. Plug the cetT^unit into the 

9. - 



titrator, - 

Examine t*he titrator cup. 
The <:up ^Kds a^^ine i^ndicat- 
ing thfe'^y^p ml levef. - 



IMFORMATION/OPEf?ATING GOALS/SPECIFICATIONS 



.la. Electric outlet 110 vo.lt required.* ^* 

lb. Aniperometric titrator assembly -available from, 
J Wallace^and Tiernan Corpgration ■ * , 

2a. Two pipettes are furnished' with the titrator. 

' The ] ml. pipette i5, generally used wh^n the 
. ^residual is le-sa than > mg/1. '.A- 5 ml pipette^ is 
far use with higher residuals. 

3^1,. Use silicone grease or other similar lub^cant. 




GOIDE^ NOTES 



4a. Reagent is hiqh,ly toxic -.-avoid' ingestion. . 



5^.Mt OS >&sier to turn jHet b«ttl e t^ian the cap. 



7ai Use a ^ij%stic squeeze botti 

8^: The celV ;s so'^designed^ that it cannot ^b^pluggred 
'\^in except in the*correct position. _ > 

9a. Whenever the' term ."sarnple" is-usfedj'n th^se in- 
structions it sliall mean a 200 ml volume of the 
water to be testetl. . ' ' • 

V ■ . J 



VII. A. 6 

(p. IS) 



V.A.8.8a 
(p. 13) 
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EFFLUEfff- MONITORING PROCEDURE : Amperometric Dete^fiitnation of Freehand 
'• ^ Combined 'Re^i'dual Chlorine in Water 

. A ^ 



.OPERATING PROCEDURES 



B. ^Petermination of Free 
'Available Residual 
Chlorine " 



erIc 



STEP SEQUENCE 
— » :^ — '-^ — 



1. Plug the electric f)6wer plug 
into a source of 115 volt, 
* single pha^se, 60 cycle A.C 
currents 



Till the pipette wrth 
phenylarsene oxide soluti 



3'. Remove all air'ffom thp 
pipette and plastic tubing 
by rotat1rf5 the red knob in 

. 'the stem unit 1/4 turn 
counter-clockwise. 

4. Catch the discarded solution 
in a" 50 ml beaker. 

5. Refill the pipette to the 
^top (zero), calibration mark. 

6. Add sample water to the cup. 
Adjust the level to the line* 

7'. Place the cup on the 
titrator. ' 



iriFORMATION/OPERATING GOALS/SPECIFICATIONS 



2a. Alternately squeeze and release the sqflf^ze . 
^ bottle. ' ^ ' ' • 1 

.Sa". The pipette should drain'I^Jitough- the (Jlastic 
tubing. 



6a. The volume of .sample^is. 200 ml 



7a. The top edge of the cup should go behind tKe cup 
guide post. ^ ^ ' ^ . 

7b. The bottom of the cup should^rest on the support 
post. \ y -v^ 

^ • ; • ■ « . 

7c. The plastic tubing from the' pump should be sub- 
merged in the sample aboyt 1/16 ijnch. If 
necessary, adjust the tubing on tne guide' post 
. to obtain t*his condition. * 



TRAINK.G 
GUIDE NOTES 



I.B.I ^ 
13) 



/ J 



r ■ 
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Combined Residual/CMorlnf in '''ater 




_rfERATi;{G PROCEDURES 



STEP SEQUE>iCE 



INFORMATIOff/OPERATING 'GOALS/SPECIFICATIONS 



391 




Add 1 ml of biftfer solution 
1 to the yater sample. 

/ ' ' ' 



8a. The droppers furnished with the titrator a/re k ml 
units. A dropper full of solution should /be;used 
wherever 1 ml of solution i$ called for. / ^'^ 

St). If the pH of the sample is between 6.0 ai^d ^.5, ' 
it .is' not necessary to add buffer. , /■ 



9.^St^t<the agitatgr b^turn- 
' iffg^the switch t6 "Oft". 

■ .// 

ljust the fneter to make the 
iointer read maxi)Tium on the 
/scale. 



IC 



Oa. Rotating the adjusting knob clockwise 
• increase the reading. 



jhould 




11. Start adding, small aTOurvts 
of titrant.and'note^the 
deflection of the meter * 
• scale after'each addition.- 



^ 4 

r 



12. Continue th^e 
srdpl amounts 
til the 



no longer 
of the needle 



(iddition of; ll2d, 
of titrant fun- 
e^ddvtlon of titrint 
^ <lefle(j;t1oh 



cau ies 



lOb. If the pointer is aboye maximum when /the adjust- 
ing knobJs rotated compl etely, counter-clockwi se^ 
then the titration should be started/ with the 
knob in this position. / *■ 

11a. 'If free available chlcrine is present in the 
sajpple and, if the-^ointer^ qs 9a scc^e at the 
beginning of the titration, thjgn thie ^rst addf- 
tion of titrant should cause a definite pointer 
movement to the left. If the poiriter goes below 
zero then it should be brought >aak on scale by 
- rata^tjng the adjusting kflob ctock^ise; 

In most waters the end-point of tJhe r^eaction is 
just passed^'V/hen the addition of la small amount 
of titrant 'no longer deflects th^ pqinter to the 
left. . 

12b. The amount of titrant used 1n the'titra^tron is . 
then r^^d fron the pipette "and the last' incremefit 
is subtracted fron ♦he pipette reading and the, 
resultant figure represents theifree available 
residual chlorine in mg/1. ' ■ 



3B5 
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Cpmbinad Residual rChlorine in Water ^ ^ 



OPERATING ^PROCEDURES 



13. ISubtr^t the 1 as threading , 
from -the' previous r'eading. 

- r 

14. The reading on the»pipette' 
represents the amount of 

'free avaiVable chlorine in 

» . mg/'l . • • ' ' ' 

w 

15. Turn 'Instrument. "OFF". 

16. Record your result. 



STEP SEQUENCE 



y 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



/ 



TPAi:iir:G 

GUIDE f;0T5S 



C. Determ-kiation of 
* combined residual 
chlorine 



1. Repeat stjap^ 1, through 1 of 
the free available cjflori-ne 
procedure if the free avaij-'^ 
able chlorine detenfiini-tion- 

' has -not been peffof'mecl. - , 

2. If yo'ij'have just ^cgmpfeted ^ 

. the (re^ chlorine cietermina- 
tiQp, you , fan c9ntinue the 

* use of th^ same sample for,.- 
this detenrri nation. 

3. Add 1 ml of buffer solution 
pH 4 t6 the sample, - ^ 

4. Add 1 ^ml of potassium iodide 
T soJutidn to**th§ water sample 



la. The general ^procedure for rrieasuring total residual 
chlorirte^'ls the same H that cpiven 'for'^measuring^ 
. free \vailab-le re'sidua^v' chlorine.^ ' * ' 



■3a. Use ci|he droppi^r to' "add the b^itfer Solution*. 

^a. Use the dropper to add tiie potassium -iodide 

solutjon. ' . ' " ' ^ ^ ' ' • ^ ^ 

'4b. When -potassiuirt- todMe js adde'd,^" the pointer may . . 
■fins^ defj'eet to the l^ft and then' go up-sta^lfe 



V-II:C.4;5lb' 
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OPIERATING' PROCEDURES" • 


STEP SEQUENCE 


iNFORM/VTION/OPERATING GOALS/SPECIFICATIONS * , 


J 

'■rai::i::g 


/ 


5.*Fo,llow steps ? t^hrough 16* of 
tbe^^revibus' procedure f/r 
ttie deterftiinatiow of free ' • 
available chlorine. In 'this 
case the res'eilt is reported 
as combined residuaJ 
chlorine. ' • \ 


5a. Free available residual chlorine and combined- 

residual chlorine may be measured in on'e sample 

by combining the two procedures. 

* 

5b. The free available chlofine^is measured /firs t. 
The sample pH is then dropped to ^ by adding 
r ^ buffer solution 'pH 4 and then potassium iodide. 








5c. If combihed residual chlorine is present, tfte • 
'pointer will deflect'T:o the. right when potassiufn 
' . iodide i-s added.- 


# 


* 




The first 'titration will represent the free 
available residuaT chltirine while the second 
titration will represent the combined residual 
chlorine. 


• 


















• 


• 


1 

• . ' ^ - 'r ■ 
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EFFLUENT MONITORING PROCEDURfT J\mperometric Determination of Free and 

Combined Residual Chlorine in Waier 



TRAINING GUIDE 

SECTION " TDPrC \ 

I* Introduction 

II * Educational Concepts - Mathematics 

III \ — . » E^cational Concepts - Science 

IV Educatitfhal Concepts - Communications 

V* ' ' . Field and Laboratory Equipment 

• VI Field and Laboratory Reagents 

WI* Field and Laboratory Analysis' 

VII^ Safety 



I)C ' Records and Report^ 



*Training guide materials are presented here under*4:he heading marked<*. 
' These standardized headings are used throughout this series of procedures. 
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FrFl UCNT HOI I ITOkING PRQC C UUtiE : Amperometric Determination of free Md 

Combined Residual Chlorine i# Waterw. 



Sections I & V 



iFJ^AHilNG dinr NOTE 



, RCFFRCriCES/RESOURCE^ 



I.B.I 



V.A.8.8a 



The fundamental chemical procedure involved 
in the amperome^tric titrator is the neu- 
tralization of an oxidizing agent (free'* 
available chlorine) in a sampl e of- water by 
the addition of a reducing agent of known 
strength. Immersed in the sample cell uait 
which produces a ^mci'll \Jiriect current which 
Ts proportional to the free chlorine present 
in the sample. The curre^nt is indicated on * 
a microammeter whi^h is connected to the 
celj.unit. As the reducing agent is add&d, 
the amount of free chlorine is reduced, the 
cell current decreases , .and the micro- 
ammeter pointer moves down scale. The end 
point of the reaction* occurs* when enough 
reducing agent has been added to just 
neutralize all of the free chlorine in the 
sample. When this point is reathed, the' 
furth^r'addition.of a small amount of re- 
ducing agent nd longer deflects the pointer 
to the left. On the titrator, the sample 
volume and the Strength of the reducing 
agent have been selected to make ] n/lli- 
liter of reducing agent equivalent to one 
milligram per liter of chlorine. When the 
endpoint is reached, therefore, the volume 
of reducing agent used represents the 
chlorine concentration in mg/1. 

linder the conditions specified in the 
titration procedure, the titration can be 
used to di$tingtfish between free available 
residual chlorine and combined residual 
chlorine because the reducing agent em- 
ployed reacts readily with free chlorine 
but does not react with conibined chlorine. 
If either combined or total residual 
chlorine is to be measured, potassium 
iodide is added to the sample to produce 
an amount of free iodine which is equiva- 
lent to the original residual^chlorine. 
The reducing agent reacts rjeadily with free 
iodine so that the titration can be carrieci^ 
out in a manner similar to that use4 foe 
free available residual chlorine 
determination. 

• 

The electr^olyte used in the inner charfiber tif 
the cell ha$ a tendency to crystallize out 
on the contact springs and in the terminals 
of the cell unit. This may slightly corrode 
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EFFLutfir nONnoRinn proccdurc: 



Amperometr ic Determination of Frfee and 
Combined Residual Chlorine in Water 



Sections V & VII 



TRAIIilfIG GUIDE flOTE 



REFEREfjCES/RE^^OURCES 



VII.C.4.4t> 
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ihe electrical contacts between the various 
units. Improijer electrical connections 
cause erratic microammeter pointer readings, 
during the titration. Should any crystals 
accumulate on the plastic cell unit, these 
parts should be washed off ^^with warm water. 
. CAUTION : Never use water warmer thaa 
lOO'T, as hot water softens- the plastic. 
When the titrator is not to be used for 
extenUed periods, the cell unit should be 
washed out to remove all electrolyte 
tablets and solution, and stored dry.. 

*If free available re'sidual chlorine de- 
terminations are to be made after! potassium 
iodide has been used in preceding titrations* 
the cell unit should be^ rinsed off in 
sever^ ■ sampl e cups of water to remove . 
tracWof potassium iodide, solution arid 
buffer solution pH 4. 



Occasionally, when potassium iodide is^^S^ded 
to the sample, the pointer will drop to the 
left and will not come back on scale even 
thougl) the poteniometer is turned com- 
pletely clockwise. Under these cafi'ditibns, 
the cell unit js said to have lost its 
sensitivity to iodine. \This si-tuation is 
likely to arise if the titrator has been 
us^d to determine free chlorine ofily for 
e/tended periods of titfie, i.e., the ceVl 
onit has not been exposed to iodine for 
prolonged periods. 



The sensi-tivity of,*' the cell unit can be re- 
stored by adding enough free iodine to th^ 
(;lis(*illed water 4n Sample jar to ^^te 
a yellowish color. The free iodine m^^^be 
in the'form'oT linctur? of iodi^ne or may bi^ 
obtained by adding potaTssium iodide to a 
strong chlorine solution. Agitate the 
sample for two'or three m|nut«s and then 
allow^'the ceVl unit to stand in the ici^ine 
solution for 10 to 15 minutes. After »this 
treatment, the cell' unit should be rinsed 
off throughly to remove all traces of 
iodine. 
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EFFLUEUT ff^lHTORiriG PROCFDIIR^: Amperometric Determination Qf Free and * 4>^ , 

Combined Residual Chlorine in Water > * » ^ ^^^^k 

■ ■ 


, • ■ Section VII ' 


• • ' TRAIIJINC GUID: nOTC 


RFFFRDJCES/RFSOURCFS' 
I ' \ 


m.i\.e 


The mairr requirement as far as electrolyte 
tablets- are concerned is to have saturated 
electrolyte solution inside, the cell unit at 
all times. Theoretically, this requirement 
is not as long as any tablets and water are 
in the cell unit. The^actual water level 
inside the cell unit cannot be controlled 
since this level tends to equalize with 
{or even go below) the water level^i^n the 
9«mple jar through the porous wicking. 

k ,\ 
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. a prototype m development of 
« ''routine operational procedures 

for the 

amperometric determination of total- 
residual cw-0i\ij1e in i^astbwater 



4 




as applied in 

WASTEWATER TREATMENT FACILITIES 
anfl in the 
MONITORIIiG OF EFFLUENT WASTEWATERS 



Developed by the 




National Training ahd Operational Technology Center 
Municipal Operations aqAjraining Division 
^Office c^J Water Program Operations 
U.S. Environm^tal Protection Aaencv 
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EFFLUENT MONITORING PROCEDURE: AmperometrTc Detemfination of Total 
»r . . Chlorine 1n Wastewater - 



I 



Thfs instfiactionehCs^quence was developed by: 
N^ME * 'Paul^F. Ilallbae+i 

^ADDRESS EPA, OIIPO, NTOTC> Cincinnati, Ohio 35268 

POSITION Chemist- Instructoc 

•EDIKATIGH AND TECHNICAL BACKGROUND 
B.S. - Chemistry 
14 years Industrial Chemist 
16 years HEW-FWPCA-EPA-Chemist 
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EFFLUENT nONITORING PROCEDURE: Aniperometric Determination of Total Residual 

Chlorine in Wastewater 

1. Ana>yfis Objectives 

The operator will be able to perform an amperometric titration- for the determirvrtion 
of total residual chlorine in a sample of wastewater treatment plant effluerr^ 

2. Brief Description of Analysis* • * '^^ \ 

/ Residual chlorine present in wastewater is in the form of combined chlorine. 

A ""Back-Ti tration" procedure is used t6 determine the phenylaraehe oxide excess 

and a formula used to calculate the concentration of. total residual chlorine* in 
the sample. • . ' 

3. Applicability of this Procedure; 

a. Range of ^concentrations: 

. A^plicabje to all types of wastewater. ^ 

b. Pr^treatment of Sample " • 
' . None ' 

■ c. Treatment of Interference in Sampl.es. 

Manganic Manganese, in concentrations as low asJ.O mg/liter liberates iodine 
from iodide at pH of 4.0. 

• ■Chromates reduce phenylarsine oxide. Method not .applicable when high concentra- 
tions of chromates are, present. 



y 



Annual Book of ASTM Standards, 1975. American Society for Testing and Materials. 
1916 Race St., Philadelphia, PA 19103. p. 278." ^ 
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EFFLUENT MONITORING PROCEDURE: . Amper^metric Determination of Total 
* . Residual Chlorine, in Wastewater 

% 

General Description of Equipment used in thfe Process * 

' 4 

A. Capital Equipment • ' - 

]. Amperometric Titrator Assembly - Wallace and Tiernan* 

\ 

B. Reusable ^ 

■ 

1. 1 pipette (I'ml capacity) 

2. 1 pipette (5 ml capacity) 

3. 1 sample cup (to contain 2C0 ml ) ' • ' * 

4. 1 plastic squeeze bottle ' 

C. Consumable** ^ 

• i 

1. 1 bottle plienylarsene oxide solution 0.00564*i (16 ounce) . 

2. 1 bottle pH 4 buffer solution (4 ounce) 

3. 1 bottle pH 7 buffer solution (jounce) 

4. 1 bottl e potassium iodide^ solution (4 ounce) . 

5. 1 bottle sodium chloride electrolyte tablets (8 ounce) 
6/ Standard iodine solution 0.1 N . 

7. Standard iodine titrant 0.0282 rf 

8. Potassium iodide crystals 

9. Iodine .grystals, purified 



*Mentlon'of a specific brand name does not constitute endorsement by the ' 
U.S. Environmental Protection Agency 

*"*Consumable reagents listed are available from Wallace ^ Tiernan Industrial 
P;:oducts Division, 25 Main St., Belleville, NJ 07109 

/ • ■ ■ , ■ : 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TPT^INING 

GUIDE :;oTES 



Reagents 
Standard iodine 
solution N 



Dispel VP ^0.0 grarns of 
potassium iodide (KI) in 
So ml of distilled water. 
Add 12i7 g. of iodine 
crystans and stir until 
solution is complete. 



2. Dilute tk 
distilled 



one 1 i ter wi th 
water. 



Iodine standard 
sojytion (0.0282N) 



3.*" Transfer £5 grams of 
potassium \iodide into a 
one liter Volumetric flask. 



>4-4. Add 200 ml\of distilled 

water and 9wi/l to dissolve, 

5. Add 285 nl of O.'l iodine, ' 
'solution and diTute to the 
nark with distilled water. 



2a.' Store the solution in a dark bottle. 



3a.' Use a trip balance. 



4a. •Use a graduate cylinder. 



B, Determination of 
total residuc^l 
chlorine 



40S 



1. ^Set up titrator and plug 

into a source of'115 volt, 
^Slngle phase, 60 cycle A.C. 
current. 

2. Add sample wat^*to the cup. 
Adjust the level to the 

n^ine. 

'3. Place the cup on the 
titrator. 



2a. The vo.tume of sample* is 200 ml. 



^dqe 



. \ 



3a, The tpp edge of the cup should tjo behind the cup 

gu Ide post : - » - 

3b. The bottom of the cup jhould rest on the support 
post. 
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cr. 



JPERATING PROCEDURES 



ST£P SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIIICATIONS 



TRAINING 
GUIDE NOTES 



B. Continued 



^ 410 



4. Turn the switch to start 
the agitator. 

5. Add 5 ml of phenylarsene 
oxide s61ution \'o the sample 
and" mix, 

6. Add 4.0 ml'of pH 4.0 buffer 
solution to the sarn[51e and 
mix. 

i 

7. Add 1.0 ml of XI solution. 

8. Rotate the adjusting knob so 
that the micVoanmeter pointer 
reads about 20 on the sc&le. 



5a. Use a 5 ml pfpette. 



6a. Should be sufficient to .insure a sample pH 
between 3,5 and 4,2, 



9. Add 0.0282^.N iodine solution 
in small increments. 



9a 
9b 



0. Mote the volume of iodine 
solution used to reach the 
end-point, ^ • 



. Use a 1 ml volumetric pipette graduated in. 0,1 ml, 
. The standard reagpnt bottle, pump, pipette, and 
■applicator tubing cam0t be used for this purpose 
since the'plastic cofnponents r^y react with th^ 
iodine solution and change Us strength. 
As iodine is added to the sample, the pointer re- 
mains practically stationary until the end-point 
is ^proached. Just before the true end-point 
each increment of iodine solution causes a 
temporary deflectton of the micrfiammeter te'the 
rights but the pointer drops back to ^bout Its 
orig<nal positlori. The true end-point Is rfta^hed 
when a small addition of iodin^ solution' givesaT^ 
J definite and permanent pointer deflection to the 
right (up-scale). 

Oa, Calculate the total residual chlorine as follows: 



mq/1 chlorine = 



total . 1 
phenylarsenej 

oxide used . 
(step 5) ;J 



(5) (ml of ijodine) 
used in 

titration 
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. OPERATING PROCEDURES 


STEP 'sequence 


INFORr-'tATION/OPERATING 'GOAIS/SPECIFICATICNS 


TRAINING 
GUIDE NOTES 


E. Continued 

f 

«* 


« 


10b. Example of calculation: / 

•1. Total phenylarsene oxide used in, 
step 5 = 5.0 ml . 

^. ml of iodine-required to reactt the end-point 
in step 9 0.6 ml 

mg/1 chlorine = 5.0 - (S)(0.6|* • ^ 
= 5.0 - 3.0, 
= 2.0 

Oc. The 'accuracy of the above procedure depends on the 
volume of tire ^ple (step 2), ttie strength of 
the phenyl arsene%iujle solution ,(0.00'564R') which 
is quite stable, and the-strength of the iodine 
* solution (0.0282 N)^ which is subject to 

Hptpr i nV^^^t i nn with timp • Tf .thp inrlinp i^/nnt 

0.028? N, it must be star^dardized ,by the^ following 
procedure. 


» 


C. standardization of 
iodine solution 

/ . . ■ / 

• 

41;; 


1^ Add. 5.0 ml of- phenyl arsene 
oxide solution to 195 ml o/ 
dechlorinated water.\ 

2. Titrate with .the igdine 
sol ution . 


la. Chlorine-demand-free water: add sufficient 
chlorine to distilled watef to ^eistroy the - 
ammonia. The arnount of chlorine required will be 
about ten times the amount of ammonia nitrogen 
present; in no case produce an irtitial residual 
of less than 1.0 mg/1 free chlorine. Allow the' 
chlorinated water to stand overnight or longer; 
then expose to direct sunlight until all residual, 
chlorine is discharged. Use distilled water free 
from ammociia and nitrite to produte the chlorine 
demand-free water. Check chlorine resi.dual by 
anperometric.ti tration . 

2a. The^nd point i^ r*eached when .a small addition of 
iodine gives a pointer deflejption to the right 
(up scale) which holds for/ 15 to 20 seconds. If 
1.0 ml of iodine solution neutralizes the 5.0 ml 
of phenylarsene oxide solution^ the iodine solution 


* 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORf-IATION/OPERATING GOALS/SPECIFICATIONS 



TRAILING 
GUIDE NOTES 
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12. Locate^on line ''A" the ml/ 
^of iodine ecjlial to ?.0 ml 

of phenylarsene oxide. 

13. Locate 'on line 'IC" the 
volume of» iodine as de- 
termineJt^in stejp 9. 

p 

14. Determine where a line 
connecting these point/s 
crosses line "B". / 

• / 



11a. Continued 

, is '0.0282- N. th6 i9dine solution has 
deteriorated, the volume of iodine solution to 
reach the end-point (something greater than 
1.0 ml) is equal to 5 ml of phenylarsene ox^de 
" solution. - ^ 

lib. "Back titration'* for i^esidual .chlorine may le 
made with weaker than 0.0282 flj ^iodine. solutions, 
The attached chart can be use^ito determine the 
excess phenyUrsene oxide by f|)Wowing step 12 
and subsequent steps. 



14a. 
14b. 



14c. 



This is the excess phenylarsene*^ oxide. 

As expressed in the formula," the i^l of chlorine 

residual is the excess phenylarsene*oxide sub- ^ 

tracted from the total . 

Example of calculation: 

1. Total phenylarsene oxide « 10.0 ml 

2. ml iodine equal to 5.0 ml phenylarsene 
oxide = 1 .2 ml . ^ 

3. ml iodine to reach end point of "back 
titration" =0.4 

4. Extess phenylarsene oxid^ (from chart) = f.'6 

(approx.V 

5. mg/1 chlorine residual = 10-1.6 = 8.4 
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4otal'pl.o*v'larsene oxif!."' 5 ml. 

ml. iooinc:'c.^qual to 3 ml. phonyhi.cne c^ide 1 (0.028^n solution) 



' ml . iudi'V- to reach end point of TitrotloiV 0,6 

Excess pl^nylarsene oxiJa (fro cluvt) 



or (from forrru la) 



pp'n chlorine residual 



3.0 

5x0.6, 3.0 

5-3-2 



Total {1* ' n /iK.rz 



ml 



r..;03 !0 

ml. iOv;i ';qL'ji 3 >nl . ph-nyic. ..ir; oxic'e ^1.2 ml. 
ml. iod''.^ to rc:.ch -^T^J 'Hnr rf "bc^sl: Titronon'\ -O.N 

♦ I 'in 
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.EFFLUElfir MONITORING PROCEDURE: Titrimetric Determination of Total Residual 

• Chlorine in Wastewater Effluents 

Analysts Objectives: ^ • 

Tl]e learner will determine the total residual chlorine in a sample -of 
wastewater treatment plant effluent. V' 



2. Brief Desxription of Artalysis: ' * 

• , •* » ^ » ' 

Chlorine, h>^chk>ru^acid, "and hypochlorite'fon ar^. collectively referred 
totts free chlorine; Free chlorine is added tcU;^Sftewater effluent^ for 
\ disinfection purposes. It combines With ammonfa ji'n the effluent to'^ f orm 

monochlGH^aminfe/ dichlorSmine, and nitrogen trii^lOride; these t'hre^ comf 
pounds together, are called co^mbihed chlorime. j\\e suirv of combined and 
free chlorTTie'is referred to as total residual ehllprine. Tn this proceflur'ef 
called a^ack-titration , an amount of r^Acing agent (phenylarsene oxide)- 
- ^ more thar^suff iciejit to react with the TOtal residual chlorine is added to 

* .the sample. The amount of excess reducing ag^^ is then determined by, 

. r nitration with standard iodine solutior^. The res^jlt is expressed as ftig *of 
total residu^lUjjlorine per liter;df sample. ^ . * . ' )' 

i.ty^^t 



3. Appl icabi 1 i.ty^ir thi s Procecjure: ' ^ - J ^ • 



-. Range of "Concentration: - * : V ^ t 

Although the cited reference* does not specifically/mention the»rangi •/ 
'•I - of applicabilitjlyii 'it can be'inferred from the proeedure that concentra- 
« I , tjons of 'up tofio mg total residual chlorine/Liter can be accurately ^ ; 

^ ^ analyzed. No Werence can be mad^about the loj^Himit of the test. 



Sampl\ Pretreatment: > 

None. T^ determination must be carried out* immediatel aft^ sampTing. 
Avoid exposure of tii^ sample to strong sunlight and exfees«ive agitation. 

Treafl^M of Interferences: . ' * . ^ ' 

The interference due to manganese, .iron, and nitrite^'is m>nifnized by 
buffering the re^c^tlon mixture as desc»ib^cljn this procedut^e.. If the 
sample contains a large amount, of organic matter, the titration ejid-" 
point may be ^obs'curfed. Thi problem hiay beaver come by acidifying the 
,reaction mixture' to a, pH of 1..0, but only if the sample contains nO/ 
manganese, "^iron , or,^nitritef If they are present, t*h6n the amperometric 
.proceduris shwW be' used. " . ' • - , 



* Source^ of Procedure: Standard ^ethods ,• 14th ed., Method 409* B., page 31Q. 
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EFFLUENT MONITORING PROCEDURE:' Titrimetrtc Determination of Jotal. Residual 

Chlorine in Wastewater Effluents 



:dure: 

General Description of Equipment Used in the Process k 

A. ' Capital Equipmeolk: . \ ^ , 

to 

1. Trip balance, 100 g' capacity ' ^ * . 

2. Analytical balance / , 
' 3. Still, or t)ther source of distilled water 

B. Reusable Supplies: ° ^ 

1. Brushes (for cleaning glassware) 

2. Brush (for cleaning balance) • /. 

3. Laboratory apron ^ ^ 

4. Safety glasses 

5., One* dis'tiljed water plastic^squeeze bottle 

6. ' One pen or pencil ' * . ^ 

7. One notebook (for recording data) 

8. ' Sponge (for cleaning laboratory-table top) 

9. One 2 liter trlenmeyer flask 

10. One 500 ml Erlenmeyer flask 

11. One 250 ml Erlenmeyer fla^k 

12. One 125 ml Erlenmeyer flask 

13. OnQ 1 1 iter 'gjPd^u&ted cyTinder , |||^ 

14. One 500 mrgraduated'xryl inder 
^'15.^ One. 250 ml gral^ated cylinder 

16. One 100 ml graduated* cyl i nder 
' 17. One 10* ml graduated ^cylinder 
18! Six 1 liter glass-stoppered bottles 

19. One 1 liter |»lastic bottle ^ . # * 

20. Two 100 ml glalss-stoppered bottles 
21f. One '1 liter Volumetric flask* 

> 22.^ One 50 ml volumetric pipet ' 
v23/0,ne 10 ml volumetric pipet " , T 

24. (Jne 5 ml volujpetrtc' pipet 
. 25s One Y\ ml graduated pipet 

26. Ona 250 ml beaker - . 0 

' 27. One 30 ml beaker 

28. One*2 l^ter'beaker (for fcleaTiing glassware) ^ 

29. Oee small spatula^for use when weighing^solias) 

30. ' One hot plate (to acconinodate a^ 2M VterlErlenmeyer flask)^ 

31. Orte, mortciF ancL pestle (about 100' mUfcapaVity) 

32. One 50" ml t^^rel 
3.3. One 5 ml bureV- 

34. One smffll powder finnel (to fit into'tfire top o;^ a 1 liter volumetric /lask) 
•35. One §mall funnel (to fit in the top of the buret) 
^ 36.. One clamp (to support* the bur^t) . . 

37. On§ ring stari|l.(for use with the buret §jid clamp) ■ 

38. Magnetic stirrer and 2 inth stirring Jiyytoptlonal ). ^ ^ / 
^9. One weighing bottle whtFT top (about r^Hnl capacity) ^ 

40. Fifteen inches of 6 mm gl^ss tubing.' 
Ml. Two feet of tyg6n -tubing (to"cani1ectJ the lecture bottle^jf carbon 
dioxide to^ the 6 mm glas^ tubing)' ^ - 




EFFLUENT 



42. 

4>; 

44. 
45. 
46. 
47. 
•48. 



MONITORING PROCEDURE: Ti-trimetric Deterniinatj;on of Total Residual 

Chlorine in Wastewater Effluents 




One universal clamp (to support the lecture bottTe on the ring stand) 
One eyedropper M ' 

One grease pencil ^ 
One pH meter Jwith pH 4 & 7*buffers) 
Six inch stirring rod 

Sufficient aluminum foil to'wrap a-.l liter glass-stopp,ered bottle 

One asbestos glove or towel (to facilitate lifting a flask of hot water) 



C. Consumable'^Supplies: . * , 

1. Concentrated sulfuric acid, H^SO^ _ ^ 

2. Sodium di chroma te, Na^Cr^O^ . ^ 

3. Soap * • . . . ^ ^ \^ 

4. Eight plastic weighing boats (about 2 inches square).^ 

5. 76 g of potassjum iodide, KI • ^ . , • 

6. 5 g of soluble* starch ^ • , ♦ • 
, 7. 1.25 g salicylic acid, l-mz^Wf^Z^^ ' ^ ^ 

8. 5 g of arsen-ic trioxide, As^O-. • ^ ... 

9. 27 g'of sodium hydroxide, NaOH • - 

10. Lecture bottle of carbon dioxide, CO^ ' ' " 

11. 13 g of resublimed ( some catalogs\imply use the word sublimed) iodjne, 

12. 55 ml of concentrated (1^) hydrochloric acid, HCl r ^ '7—-%^ 

13. 0.8 g of phenyl ars i ne* oxicfByPOwder, CgH^AsO ^ ' ' , " 

14. 146 g of anhydrous sodium acetate, NaCpH-^O^ or 243 g ^f-w#*ttB^cietate, ^ 



tri hydrate, NaC^HjO^^SH^O . ^ ^ 



Items C.I., C.2., and C.3. are for cleaning glassware. The qiiantities ne^edj' 
will therefore v^ry. 



Items C.5. through C.14 (except C.IO.) .are the exact amounts deeded. Jo facilitate 
weighing solids and measuring liquids, include slightly fnore than tjie required 
amounts. * ' . . 
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EFFLUENT MONITORING^ PROCEDURE : 



Titrimetric Determination of Total Residual 
Chlorine in Wastewater Effluents 



All reagents should be of higH quality. Different chemical manufacturers may 
have different ways iof indicating a high quality reagent. While no endorsement 
of one chemical manufacturer o/er amother is intended, the following are some 
designations used in four chemical catalogs to indicate high quality reagents. 



Catalog 
•Thomas 

J^theson,- Coleman & Bell 

Curtin Matheson Scientific^ Inc. 

Fisher 



Designations 

Reagent, ACS, Chemically -Pure (CP) 
Reagent, ACS 

Primary Standard, ACS, AR • 
Certified, ACS . • 



7 



1 



I 
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EFFLUlNT -MONITORING PROCEDURF: Titrimetric Determination of Total Residual Chlorine in Wastewater Effluents 



J 



OPERATING^ PROCEDURES 


STEP SEQUENCE 


' y • > 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
SUIDE NOTES 


A. Equipment Preparation 








1* Cleaning of glass- 
ware ^.y^^ 


1. Gle^n all glassvyare artd 
rinse with distilled water. 


la. Throughout this procedure, ^ttJess otherwise 

stated, the term water means «i;^illed water. 

^ <»- 


V. A. 1^.1 

/ 


2. -Balance -inspection 


1. Check the analyt1cal*^and 
trip balances for cleanli- 
ness and proper. operation. 


la. Consult the manufacturer's manual for assista^nce 
in correcting any malfunction. 


V 

r 














— ^- ■ - - , * 








t 


/ 


















0 




• 
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OPERA TING PROCEDURES 



B., Reagent Preparation 
1. Starch Ir\dicator 



ERIC 




STEP SEQUENCE 



1 . Weigh 5 g of soluble 
starch. W 

2. Transfer it to a mortar. 

3. Measure 1 liter of water. 

4. Pour the water into a- 

2 liter Erlenmeyer flask. 

5. Bring the water to a boil. 



6. Add 1 ml of water to the 
starc/i in the mortar. 

7. Grind the starch and water 
together. 



Slowly pour the thin paste 
into tl^e boiling, water. 



9. Invert a 250 ml beaker and 
place it on top of the 
Erlenmeyer flask. 

10. Turn the hot plate off. 



IflFGRMATION/CPf^PA'ING GOALS/SPEC! FICAT'IQNS 



/ 



la. Use a ,trip balance. 



3a. Use a 1 liter graduated cylinder. . " ^' 



5a. 

5Jb. 

6a» 



7a. 
7b. 
7c. 



8a. 
8b. 



Use i ho,t plate. 
While the water comes to a boij , do steps 6 & 7. 

Use a 1.0 ml graduated cylinder to measure the 
water. 



Use a pestle. 

The' objective is to form a thin paste. 

A few additional drops of .water may have to be 

added. 



Be cau-t^s' about the hot flask. 

If the ifler has not yet come to a boil, wait 

until iHloes. ^ 



9a. As protection against contamination. 



TRAINING 
* GUIDE NOTES 



\ 
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EFFLUENT MUNITORING 




Titrimetric -Oetennination of Total Residual Chlorine in- Wastewater Effluents 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



B. Reagent Preparatioq^ 
(continued) 



2. Potassium /Iodide, 
KI, 10% / 



ERLC 



42 



11. Remove the flask from 
the ^ot plate.^ ' 

12. Allow the starch to 
stand overnight. 

13. Carefully decant the 
supernatant liquid into a 

• 1 liter glass-stoppered 
bottle. 

» 

14. Weigh 1.25 g of salicylic 
acid. 

TS. Add it to the bottle. 

16. Swirl the^bottTe. ^ ' 

1. Weigh 10 g of potassium 
, iodide, KI 

2. Transfer it to a 250 ml 
Erlenmeyer flask.' 

3. Measure 90 ml of water. 

4. Add it to the flask. ' 



11a. 
12a. 



Caution: the flask is hot. 



Prepare the other reagents while the starch 
solution is standing. 



14a. 

16a. 
la. 



Use an analytical balance (or trip balance if it 
weighs to the second decimal place). ^ 



To dissolve the salicylic acid. 

Fourteenth Standard Methods does not specify the. 
strength of this solution. Ten % is the author's 
opinion. * 



3a. Use a 100 ml graduated cylinder. 
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OPERATING PRCCEDURES 


STEP SEQUENCE 


IfjFORMATIQN/OPERATING COALS/SPECIf ICATIONS 


TRAINING 
GUIDE NOTES 


B. Reagent Preparation 
(continued) 


5. 
6. 


Swirl the flask. 

Transfer the solution to 
a 100 ml glass-stoppered 
botye. 


5a. 


To dissolve the potassium iodide. 




3. Standard Arsenitp 
O.IN 


1 . 


Wipe a weighing bottle 
with a tissue. 


la. 
lb. 


To remove fingerprints. , 
Throughout B.3:, always handle the bottle with 
a. tissue so as to avoid fingerprints. 


• 




■ 2. 


Weigh about 5 g of arsenic 
trioxide, As^O^, 'i n the 
weighing boftle. 

« 


'2a. 
2b. 


Tojifour places to the right of ^the decimal . 
Arsenic trioxide, AspO':^, is extrejnely toxic. 
Wipe up any spilled powder with a damp tissue, 
discard fhp ti^^up anH fhnrnunhlv wacH v/nur 
hands with soap and water. 






3'. 


Remove the bottle from 
the bala'nce. 










4. 


Fill a 1 liter vol urtietri c 
flask about one-half full 
of water. 


• 






• 


5. 


Place a SBiall powder funnel 
into the mouth of t be flask 










6. 


Remove the' top of th^^ 
weighing b^ttle^ 




M 


% - 


• 


7. 


Carefully turn the bottle 
upside dowD i*nto the funnel 
in the ' vol ume trie flask. 


Ja. 


•The arsenic trioxide is powdery, and wjll tend 
to "fly aroimd"; so do this st^ carefully. ' 

r 



















EFFlUEKt MOWIT(»:iNG PROCEDURF : Titrimetr.ic Deternvi nation of Total Residual 'CWoFine in Wastewater Effluents " 



1^ ' 



OPERATING PRCC£DUiES 



STEP SEQUENCE 



INFORMATION/OPERATING- GOALS/SPECIFICATIONS 



^8a. So as to knock more of the arsefiic trioxide tnto 

' the funp^l . 
8b. Some af the .sol id wiU'stay in the bottle. 

9a. Remember^the arsenic trioxide toxicity when you 
later wash the bottle. 



TOAINING 
GllTOE n()TES 



B. Reagent Preparation 
(continued) 



i. 



Gently t^fi the'bottom and 
. sidefe of the weighing ,v 

'botti6^.;V " * 

9. 'Remove ',t|ie weighing bottle 
frw* the funnel'. ' . ' * 

10. .Replace the top q^f. the^ / 
we ighin§|& bottle. 

11. Reweigh the weighing ' 
-bottle. ^ 



f 4 



12. Using a plastic sque^re • ' 
"bottle trr^ater., ^careful Jy ' 
wash the arsenic trioxide 
down .irtto the volumetric, 
^a^k^and remove the fuTwel 

13. Measure iijO^ml of water 



ERIC 



14. Weigh 1& g of sodium * \ 
hydroxide, NaOH.*, 

15. Add the sodium hydroxide 
'and IjDO ml of water to the 

volumetric' flask. > 

16. Swirl, the^fla^ ^^en'tly. 



\ 



ces to the right of 



e^ the same<analytic^l ^balance that you used 
efore. 

IH. tecord the weight to four ^iie 
•the" decimal poiut.' ^ . 

* , 

lis. Use 'a minimiJilt of water.- — 



13a. Use a 100 m-f graduated cylinder."- 




14a. Use a trip b^lah^e. 



16a.' To dissolve the*sodium hydroxide and a^sen1c 



'trioxide. 
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• ' OPERATi;<G PRCCEDUSEr - 

Reagent Prepar'ation ' 
' (contfnued) 

.... 

\ ■ • ' 
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STEP SEQUENCE 



V 

•17. A<jd 150 ml of water to 
.-the flask. 

1.8.' Gently swirl the flas'lc . 

19. Insert the Qlass tube' . 
leading from, the lecture 
bottle of carbon dfoxide, 
COpj'into the ^volurrJetric 
flisk; see-the figure 

' on pagec 

20. Carefully ope?r the I'ectuire 
bottle valve and adjust * 
the flow o'f 'carbonj d4 oxide 
so that about 1 -bubble 
per second comes ^rom^the 
•end of the lube. ^ 

21. Continue the addition of 
carbon 3ioxi^e for about 
15 minutes.S 

2 2. Remove the' tube frojji the , 
flask. , . 

2 3. Close the ^lecture bottle 
' va-lv^ 

2'4. Add water to^ the 1 liter' 
* mark of the flask. 

2 5: Thoroughly mix the* con- 
ients of th? flas^c.^ 
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INFORMATION/OPERATING GOALS/SPEC iriCATIONS 



17a. Use a 1O0 ml^graduated cylinder. 

18a. To thoroughly mix the content^ 

■19a. The glass tube should extend to the- bottom 
of the-flask.- 



i' 



TRAINING 
GUIDE NOTES 



435 





EFFLUEt^T MONITORING PROCEDURE : Titrime^ic Determination of Total Resfdual Chlorine -^n Wastewat^r.^Eff 1 y^Jts 



OPERATING PRCCEBURES 



B. Reagent Preparation 
(continued) 



4. Standard Iodine OJN 



43 



STEP SEQUENCE 



26. Transfer the -solutio/i to 
a 1 Titer glass-stoppered 
bottle. 

27. Calculate the strength 
' (normality, N) of the 

arsenic, trfoxide. 



'1. Weigh '40 g of potassn^m 
jodi^de^ KI. 

2. Transfer it to a 250 ml 
Erlenr^^yer fl^sk. 

•3. Measure 25 ml of waterw# 

*4. Add tidewater to the flask, 

5. Swirl tgie flask. 

•'6. Weigh 13. g of resuhlimed 
^ iodine, 



INFORMATION/CPLi^ATUNG GGALS/SPfe^IFiCATION 



7^ 

*- 

26a. The arsenic trioxide solution^ is al so' extremely 
toxic' If any is spilled on the skin, rfnse it 
^off immediately with large ^unts of tap w^^ter. 

27a. N = A - B ' ' ^ ' ^ 

49,455 . # • 

N = the strength (normality, N) of , the arsenic 
trioxide. 

the weight, in-g, of the weighing V)ttle ^ : 
+ top + arsenic'trioxide. " ^ 

6 = the weight. In of the weighing bottle 
-+ top + arsepic trioxide residue. 

27b. The ai'S'enic trioxide solutioR- is^table almost 
i ndef i r>i tety . ^ ^ 

la. Us^ a t^?p balance. 



3a. Use a 100 ml graduated cylinder. 

5a. To dissolve the potassium iodide. 
6a. Use a trip balance. 



ERLC 



TRAINING 
GUIDE NPTEg 
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OPERATING PRCCEDURES 



B. Reagent Preparai.tion 
^ . (continued) ^ 



A2 



STEP SEQUENCE 



7. Add ft to the Erlenmeyei> 
• ^ flask. 

8v Swirl the flask. 

9. Transfe^r *the solution to 
alii ter vol umetric 
f^ask. 

TO. Fill the. flask to the 1 
1 iter mark with water. 

. ^ r / 

Jl. Thoroughly mix the con-, 
tents of the flask. . 

*»^- " 

12. Transfer the solutioh to 
/ ^a ^1 liter glass-stoppered 
bottle. . - ' 



INFORMATIO^I/OPERATING GOALS/SPEC! FICATIOrjS 



8a. To dissolve the. i^)dine. 



9a.^Rinse the Erlenoieyer flask with sevJ^al small 
'portions of water and. add the rinsings to the 
volumetric flask. 



I2a. The strejigth of \thi s ,'solytion is approximatel-y. 
O.IN. 



4', 



TrtAiriLNG 
GUIDE NOTES 




1 
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• EFFLUENT MONITORING PROCEDURF: Titrimetric Determination of Total Residual Chlorine in Wastewater Effluents 



OPERAT-ING PROCEDURES 



STEP SEQUENCE 



I fiFORMATION/X)PE RATING GOALS/SPECIFICATIONS 



TRAINING " 
GUIDE NOTES 



B. Reagent Preparwtion . 
v (continued) 

5. Sodium Hydroxide, 
NaOH, G;3N 



6. Hydrochloric Acid, 
• Htl. 6 N 



ERIC 



4 4 J 



1 . Wejgh 12 g of sodium 
hydroxide, NaOH. 

2. Transfer it to a 2 liter 
Erlenmeyer flask. 

3. Measure 1 liter of Water. 

4. Add th^ water to the flask, 

5. Swirl the flask. 

6. Transfer the 0.3N base to 
. a 1 liter plastic bottle. 

1. ' Measure 50 ml of water. 

2. Pour it into a 250 ml 
Erlenmeyer flask. 

3. Measure 50 ml *of 12 N 
xhydroch)loric acid,' HCl 



la. Use a trip balance. 



4. Pour it slowly into the 
f^esk. 

5. Thoroughly mix the contents 
of the flask. 



3a. Use a 1 liter graduated cylinder. 



5a. To, dissolve the sodium hydroxide. 



la. Use a 100 ml graduated cylinder. 



3a.\In a well ventilated area. . 

3b. Use a 100 ml graduated cylinder. 

The usual concentration of hydroehlor^ic acid as 
it is purchased .for ordinary laboratory use is 
12N. More dilute concentrations can be pur- 
chased, however. Twelve N acid can be detected 
by gently blowing across the open bottle top, the 
■ .formation of white fumes ilfdicates that the hydro- 
chloric acid is 12 N. The mdre dilute concentra^ 
tl^ns do nqt^ fume. 



Page 
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OPERATING PRCCEDURES 



STEP SEQUENCE 



iriPQP.MATION/CPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



B. Reagent Preparation 
'(continued) 



7. Standard Phenyl - 
arsine oxide (PAD) , 
O.OIN 



ERLC 9 



Transfer the 6N acid to a 
glass-stoppered bottle. 

WeTgh 0.8 g of phenylarsine 
oxide (PAO) powder. 



2. Transfer it to a 250 ml 
Erlenmeyer fT^s^-^' ^ 

f. Measure 150 ml of1)-.3N 
sodium hydroxld^. 

4. Pour it into the flask. 

5. Stir the contents of^the 
flask. 

V 

6. Turn- oYf ttfe fliagnetic 
stirrer. 

7. Allow any solid material 
remaining in the flask to- 
settle. 

8. Decant 110 ml of the 
supernatant liquid .into a 
250 ml graduated cylinder. 

ft 

9. Measure 950 ml of water^ 

lO: Pour It into a 2 liter 
Erlenmeyer flask. 



la. Use a trip balance. ^ 
lb. Pheelarsine oxide (PAO) is extremely toxic . 
Wipe up any spilled powder with a damp tissue, 
discard the tissue, and thoroughly wash your 
hands with soap and water. 



3a. Use ml graduated cylinder, 



5a. By means of a magnetic stirrer. 

5b^ Until' the PAO dissolves. It may take a long time 



7a. For 30 miny^tes. 



9a. Use a'l liter graduait^ cylinder. 
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OPERATING PROCEDURES'* 



B. Reagent Preparation 
- .(continued) 



ERIC* 
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STEP SEQUENCE 



aCe a mark at the 950 ml 
level . 

4 

12. Pour 150 m.l of the water 
back into the graduated 
cylinder. ^ 

13. Discard the- 150 ml of 
water. 

14. ^ Pour t^e^lO ml of super- 
natant PAO into the 800 
ml of water in the 2 Ijter 
Erlen/neyer fl^sk. 



15. Swirl the flask. 

16. Standardize a pH meter 
with a'pH 7 buffer. 



17» >1easure the pH'of the 
solution. 

18. Add a few drops of the 
6N hydrochloric acid to 
the flask. 

19. Swirl the flask. 

20. Measure the pH of the 
solution. 

2l'. Repeat steps 18 through 20 
above until the pH of the 
solution is between 6.0 
and 7;0. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS/ 



15a. To thoroughly mix the contents. > 



17a. It should be between 6.0 and 7.0. If 1>t iS' not, 

do steps 18 through 20. If it V^, prqceed to 
step 22. 

T36. U^e an eyedropper. 



19a. To thoroughly mix the contents. 



TRAINirtf 

GUIDE NOTES 
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OPERATING PRCCEDURES 



B.' Reagent Preparation 
(continued) 



8. ft«etate Buffer 
Solution, pH 4.0 
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STEP SEQUENCE 



22. Add enough water to the' »y 
flask to bring the levll 

^ to thQ 950 ri?) mark. 

23. Thorougfily mix the contents 
. of the .fl^k. 

24. Transfer the solution to. 
a 1 liter gJa^sT-stoppergd 

. bottle. , ■ 

1. Measure 400 ml of water.. 

2. Pour it into a 1 liter ^ . 
volumetric flask. 

3. ' Weigh 146 g of '-anhydrous 

^ sodium acetate, NaCjH^O^. 

4. Tramsfer*! t. to the flask. ^ 

5. Swirl the flask. • ^ 

6. Measure 457^ml'of acetic 
acid, HC^H^O^v 

rff. Add it to the flask. 

8. * Add water to the 1 liter 

9. S^irj the flask. 

10. Transfer-tthe solution to 
*a.l lite% glass-stoppered 
bottle. 

>■ • ' - 



INFORMAflON/OPERATI<kGOALS/SPE(^IFICATl^S 



\T^5 



22a. The solution is cilso extremely tokic. 'If 
«&ny is spilled, on the'sJcin, rinse it off jrftr- - 
' mediately with la^ge amounts cJf tap water. 



I Use a 500 ml gradu^te^d cylinder. 



H^a. Use a tri|:^alafice. 
3b\ Two hundr^y forty- three g pf soclium acetate 
trihydrate, NaC2H202'3H20 may also be used, 

5a. To dissolve the solid. ^ - 

6a. U|e a 500 ml ^raduairfj cylinder, r / . 
6b. In^i'Well ventilateoJarea. ^' 



9a. To thoroughly mix the contents. 



■mi 



WAINING- 
GUIDE NOTES* * 
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>EFFLtiENT MONIJohNG PROCEDURF ; '^Titn'metric Dete 



rmination of Total Residual Chlorine^in Wastewater Effluents 

X 



^PERATITSIG PROCEDURES 



C. Standard! zert ion of 
.Rfeagents- 

1 . Standardization of 
•the iodir^e. 



id 
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STEP SEQUENCE 



1. ^ Pi pet 50.0 ml of the 

standard arsenite (B.S-K'^ 
into a 250 mj -trienmeyer 
Flask. * 

2. Measi^^ 2 m\ €^*'5tarch;' 
add^ >t to t^e, flask and 

3. Fil 1 a 50 ipl buret with^ 
the' approximately O.IN 
iodine (B.4.). 

4. Remove air bubbles from 
; the biuret tip. 

5; While swirling the flask 
, (or using a magnet ii 
stirrer), add iodine from 
'the Ar^t .to the fla^k at 
a fast' dropwise rate. 

^6. When you see a blue col6r 
forming -where the.t^rops 
of 'iodine \)it the liquid' 
in^ the flask, -stop the 
a'dd>tipn of the iodine.. 

?. Add 3 drops of concentra-'-; 
' ted ^lydrochloric acffl to 
the fUsk.'^ 

8. Swirl the flask. , 



V 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



1^. Us!6 a 50.0 ml volumetric pipet. 



2a. Us€ ^ 40^ ml graduated €y\vn4er. 



3a. Us«. a 10 ml graduated cylinder-. ^ 



) 

5a. Constant and thor^ough. m1>Cing is important. 



6-3. Even though a 16caJized blue color formed, 

overall solujk)n should still be colorless when 
. the solutiol^s mixed. 
-6b. If it is blue,- you have added too much iodine. 
Rinse out the flask and start again at step 
^4^.1 .1 . above. 



J' 



5^ eyedropper. 



8a.' To thoroughly mix the Contents. 
8b. Bubbles of carbon dioxide will form. 



' TRAINING 
GUIDt NOTES- 
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OPERATING PROCEDURES 



Standardization of 
Reagents (continuedj 



0 ^ . 



2. Standard Iodine . 
. titrant, 0.0282N. 



450 



STEP'^SEQUENCE 



9. While swirling the flask ' 
(or ustng a magnetic 

- stirrer), cqntinue addition 
of the iodine from the 
buret at^ slower drbpwise 
rate th?n before. 

10. 'When tbe addition of 1 drop 
. of fhe iodine* causes for- 
mation of a permanent blue* 
color^ immediately 'Stop 
the -addition 'of the iodine. 

11. Record the ml of ^iodine 
used-. V 

12. Calculate the %rength 
(normal ity^ N) of the ' . 
iodine. ' ,^ 

) - 



.1. Calculate -the volume 6f 
iQdine (B.4.) to be diluted 
to 1 liter to obtain a 
0.0282N solutioj?. . 



IflPORMATlON/DPERATING GOAkS/^PEC IFICAT 



9a. About' oneT third as fast. 



12a. N =^ C X 50.0 ' . 

' ' • • .D ' • . ' . 

N =5 the strength- (normality, N) of the iodine". ^ 

C = the ho'rmal ity^oj the arsenic* tri oxide; 

B.'3.27.27a. . ^ ^ ' 

D =^the ml af iodine used from the buret. 

E.= 'F X 1000 ^ ' ^ ^ 



' la. 



E'= \n\ 6f toc^ine (B.4.) to be diluted. • 

F = desired N of the -iodine after dilution, 
.O.0282N. • 

1000 = the desired volJme .(in rnl ) of the diluted 
.iodine.- ' " * 



lb.' 



^JLof t^eiodinevtc 
(Tee C. TVT?V«4^ 



iodinevto be -diluted; 



28.? 
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EFFLJENT MONITORING PROCEDURF : Ti«-imetric De term inJ^ ion of 
/ 



Total Residual Chlorine in Wastewater Effluents 



OPERATING PROCEDURES 



STfP SEQUENCE' 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



C. St4nda^dization of 
'"^ j?eagents (continued) 




45 



ERIC 



2. Measure 100 ml of water. 

3. Pour .it into a 1 loiter 
volumetric flask. 

4. Weigh 25 g of potassium 
lodida, KI. ' . * 

5. Add ^he^ potassium" fodtde, 
KI, to the flask.' - * 

6. "^wirT^.the flask. ^ 

7. Measure the calculated 
volume of i<ydine'to be 
diluted tQ 1 liter toob-. 

* t^iin a 0.0^82 solution. 



2a'.^ Use a 100' ml graduated cylinder. 
4d. Use a trip balance. 




&a^ To dissolve the potassium iodide, KI. 

7a. E will be an "unusual'^ volume, about 282 ml. -Use 
a 500 ml graduated, cyl inder to measure to the^ 
nearest 10.0 ,ml , and a 10 ml graduated pipet to 
n]easure to the nearest 1.0 For example, 
measure 280, ml in the cylinder, and 2.0 fnl in 
the pipet. ^ 



9. *Add water to the 1 liter 
mark. 

10. ' Mix the corUfcnt* of the 
flask thoroughly. 

11. Transf^ the 0.0282 N ^ 
iodine sol utibn to a 1 
liter glass-stoppered 
bottle which has be^n 
v^rapped in aluminum foil. 



y ■ 



11a. The solution should be protected from the^'sun- 
light.* ' V 

lib, This solution should be standardized on each day 
ft is. u^a^ 

iTc. The standardization is carried put exactly as 
described^in ^section C.l. above except: pipet ^ 
10.0 ml or arsenic "trioxide instead of 50.0 ml , 
and use a 125 ml Erlenmeyer flask instead of a 
* 250 ml Tlask. Also, the dilu^ iodine J*0. 0282 N) . 
is use(j ir) the. buret, instead of the approximately 

■• ^ ^ - Page N<), 15^23 
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OPERATING PRCCEDURtS 



STEP SEQUENCE^ 



I NFORMAT ion/CPE RAT I NG GOALS/SPEC I FI CAT IONS 



TRAINING- 
GUIDE NOTES 



C. Standardization of 
Reagents (continued) 

3. Standardization of 
' ' the RAO 



ERIC 



5 * 




1 . Pipet 10.0 ml of freshly 
standardized diluted 
iodine tiirant {d. 2. 11 .11c.) 
into a 125 ml Erlenmeyer 
flask^ » 

2. Fill a buret (B.7) with 
the PAG. 

3. Remove air bubbles from 
the buret tip. 

4. Measure 1.0 ml of potassium 
iodide. 

5. Add it to the flask. 

6. Swirl theVlask. ^ 



la. Use a 10 ml volumetric pipet. 



4a. Use a 10\ml graduated cylinder. 



6a. To'thoroughly mix the contents. 
6b. The solution is red brown in color. 





4t5 




TFFLUENT MONITORING PROCEDURF : Titrimetric Determination of Total Residual Chlorine in Wastewater Effluents 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/ SPECIFICATIONS 



TRAINING ' 
GUIDE NOTES 



C. Standardization of 
^Reagents (continued) 



7. While swirling the flask 
(or using e magnetic 

"stirrer), add PAO from the 
buret to the flask at a 
fast dropwise rSXe. 

8. When the color of the 
solution changes to a pale 
yellow'color, stop the 
addition of PAO. 

9. Measure 2.0 ml -of starch. 

w 

10. Add the starch to the 
flask. 

11. /Swirl the flask. / 



12. While swirling the flask, 
(or using a magnetic 
stirrer), continue addi- 
tion of thpPM at a slower 
dropwise rate than before. 

13. Calculate the strength 
^normality, N) of the PAO 



7a. Constant and thorough mixing is important. 



9a. Use a 10 ml graduated cylinder. 



11a. 
lib. 

12a; 
12b. 

12c. 
12d. 



To thoroughly mix the contents. 

The solution is now medium to pale blue in color. 

About one-half as fast. 

At some point in the titration 1 drop of PAO will 
cause the solution to turn colorless. 
Immediately stop the addition. 
Record the ml of , PAO used. 



1 3a . N = H x' 10.0 
I 




= the strength (normality^ N) of 
• will be approximately 0.01. 

H = the normality of the iodine (c.2.V.llc.) 

I = the ml of PAO used fV-om the buret , 



it 
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OPERATING PROCEDURES 



C. Standardization of^ 
Reagents (continued) 

4. PAD Solution 
0.00564N 



5. Checking the N of 
^he diluted 'PAO 



' 4 

-I yj 



STEP S£ai£NCE 



Calculate the volume Of 
PAO (C.3.1'3.13a.) to be 
diluted to 1 liter to ob- 
tain a 0.00564 N solution. 



2. Measure the'calculated 
volume of PAO to be 
diluted to 1^ liter tt) ob- 
tain a 0.005§nij salution. 



3. ^.Add the measured volume to ^ 

a 1 liter volumetric flask. 

4. Ad4 water to the 1 liter 
. mark.. ' . 

5. Thoroughly mix the con- 
tents of the flask. 

1.* Repeat. steps C.3%1. 
through C.3.13. 



niFORMATION/OPERATING GOAL^^PECIFICATlQflS 



la. J 



K X 1000 



J = ml of PAO (G.3,13.13a.) to be 'diluted 

K ^;desired N -flf the ^AO 'solution after 
^dilution, 0.00564. 

1000 ' desired volume (in ml)" of the diluted PAO 
L = N'of PAO (C.3.13.1Aa.) . 



2a. 



J will be an "unusual" 
J 'is more than 300 ml , 
cylinder to measure to 



volume; about 500 ml . If 
use a 1 1 iteri.graduated 
the'nearest 10. 0 rpl . If ' 



is less than 500^^1, use a 500 ml graduated 
cyUnder to measure to the nearest 10.0 ml. 
After using the appropriate cylinder, use a 10 ml 
graduated pipet to measure to the nearest 1.0. or 
0.1 ml. , . • ^ - 



5a. If the dilution^was done properly, the N of the" 
PAO is 0.00564 N. ' ^' ' 
' <# , 

la. Except that^the diruted PAO^is added from the 

burjet^, ihstead oT the stronger PAO. 
lb. The -N of the PAO is 0.00564. - 
Ic. If i-t is not, discard the diluted PAO and repeat . 

sections C.3., and C.4., 



TRAINING' X 
GUIDE NOTES ' 
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EFFLUENT MUNITORFNG 'PROCEDURF : Titfimetr>c Oetermiiiation of'Total Residual Ch'Kir.i/ie-in Wastewate>" Effluents 



OPERATING PROCEDURES 



STE?P SEQUENCE 



.1 rJFORMAT I ON/OPERAT I NG GOALSy SPEC I F-I CAT I ONS 



DRAINING 
GUIDE WOTES 



D.' Procedure 
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4b 



T. Pi^efcS.O ml of the 

0.00*4 N PAOUA.) Into 
*' a ^30 ml beaker. S 

4 ^ 



2. 1.0 g'of potassium' 
iodide, KI. ' 

3. Add it to the beaker. 



Stir the beaker contents. 
4 



5. Standardize a pH meter^ith 
^ ^a PyH 4 buffer. 9^ 

6. Check the pH of the solu- 
tion in the beaker. 



7. ^gS' i-vlO drops of acetate 
buffer. „ / 

'8; Swirl^^the 



9. Recheck the^pK. ^ ; 

' . , \ 

l<%Reaeat stefjf 7, 8, and 9 
^^bov^until the pHj's be-* 
tween_ 3.5 and '4.2. *• ' g 

11. Four the contents of th^e 
beaker' into ir 500 ml ' ' \ 
Erlienmeyer flarsk. 



la.' Use a 5 ml volumetric pipet. 



2a. Use "a trip-balapce. 



4a. Use a stirring rod. 
4b.*To ^issblve the solids 



6a. It must be, between 3.5 and 4.2 before the 

II titration is 'begun. 

6b. If it is, proceed to step 11. If it is not, do 

' steps 7 tfirou^ 10. 

7a/ Use afn eyedropper.' 

. 8a'. To th^rcfu^hly mi)* thiie contentS\ / # • \ 

9a. It nnust be between 3.5 and 4.2 before the* - 
titration is begun. * * * 
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/ OPERATING kcCtDURES 



D. Procedure" 
(conti nued) 
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STEP SEQUENCE 



12. Measure 200 ml of sample. 



t3. Rinse the 30 ml beaiker 
with several portions of 
sample frorrT the^ graduated 
«yl ihder. 

14^. Pour th^ rest of the 
sample into the ^lask. 

15. Swirl the flask. 

16. Fill a 5 ml buret with 
^the 0.0282 N "iodine 

(C. 2. 11. 11c.) 

»T7. Remove air bubbles ffOm 
the buret tip. 

18. Measure 1.0 ml of starch.^ 

le. Al^.it to the -n ask: 

20'. Swirl the flask. 

21. While swirling the flask 

(or using '^jnaqnetic 
stirrer), aiW.lhe MOdi ne 
from the buret to the flask 
at a> dropwi se 'r6te. 



INFORMATION/CPERATING GOALS/SPECIFICATIONS 



12a. There can ])e no delay between the time the sample 
is collectecl and the time the analysis is done. 
Protect the sample from sunlight ^nd do not 
agitate it. ^ ^ ' 

12b. Use a 250 mt graduated cyl'inder. ^ 

12c. Two hundred m] of sample are used whetj the ex- 
p'ected^ concentration of total resi,dual xihlerine 
is less th'an 10 mg/1 . ^ 

12d. One hundred fifty ml would b4 used if the ex- 
pected concentration is betw^n 10 and '15 mg/1. 

12e. On^ hundred ml would be used if the expected 
ooncftntration is between 15 and 20 mg/l.*» . 



13a, Pour each rinse into the Erlenmeyer flask. 



15a. To thorougMly mix , the contents. 



r 



18a. \Jse a 10 ml graduated cylinder. 




0 



20a. 

21a. 
21b. 




• ■ ■ - 

To thoroughly ir^x the contents. 

About*one' di^op per second. 

Thorough , and ^qnstaht mixuig are essential dur- 
ing the titratTOi\. . y 



TRAINING 
.GUIDE NIDTES [ 
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EFFLUENT HOfjlTORING PmEDURf^: Titrimetric Determinatiofh of Totail Residual .Chlorine in Wastewater Effluents ^ 



OPERATING PRCCEDUREi 



STEP SEQUENCE, 



.!fiFGRMATION/OPEPAT*!NG feOALS/SPECI FICATIONS^ 



TRAILING 
GUIDE NOTES 



D. 'Procedure ♦ » 

(continued) 



Calculation 



22/ At some point thp addi- 
tion of one drop^bf iodine 
win cause fonna'^lon of § 
blue color. . ' * 

23. Imnediately stop the 
' addition of iodine when 
this happens. 

2^. Recor'cJ the ml of fodine^ 
used from the buret. 

1 . Calculate the total • 

residual'chlorine con- , <' 
* tent of the sample in- 
mg/1. . " 



22a. The color will not^fade on standi 09 f£fr a few 
secjjfids. ' • ' ' J* 



24a. To thfe nearest 0.1 ml 



la. mg of tp-tal residual chlorine per liter of. 
sample = (5.0'- 5 A) X 200 ' 



Ib.^A = ml of iodine used^ from theij^fet. 

B = ml of sample , ' . 

Ic. When B = 200, mg'of. total residua] chlorine per 
«11t#T" of sampl.e ? <5.0 - 5 A). 
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•EFFLUEWT.MONITOR'inG PROCEDURE: Titrimetric Determination if Total 

Residual Cfvlorine in Wastewater ' ' 



TRAINING^GUIDE' 
\ 



SECTION ^ . TOPIC 

^ " I ^ Introduction - - ' 

" 11 • *Educatfonal. Concepts^ - Mathematics-, 

ni < Educ^tiona.1 Concepts - Science 

IV Educational Concepts - Communications 

_ • V* ^ ' Fietd \ Laboratory Equipment 

VI ^ield ^'Laboratory*Reagents 
V?I , , Field & Laboratory Analysis ' 

VIII ^ . Safety 

, IX ^ Records ^ Reports ' 



A 



♦ 



,*1"raining guid^ materials are presented here ur^er 'th^ headings naarked 
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EFFLUENT MONITOR'ING PROCEDURE : Titrimetric. Determination of Total Residuat 

Chlorine in Wastewater . 



FIELD & LABORATORY EQUIPMENT. 
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TRAINING GUIDE MOTt 




If the glassware is especially dirty and cannot be 
cleaned with ordinary detergents, chromic acid 
cleaning rr.ay be required. 



1. ^Pour 35 ml of distilled water in a 250 ml 6 

2. Add about 1/8 teaspoon (simply estimate thi 
^ quantity) of sodium dichromate', fla^Crr^O^) 

to the water. ^ ^ / 



3. Swirl the beaker until the sodiufn dichrom*xe 
"Has dissolved. , ' ^ 

4. Keep repeating steps 2 ancj 3 until no mbr^ 
sodium dichromate will dissolve. 

5. Pour the solution into a 2 liter beaker. 

6. $lowly pour 1 liter ofx<:oncentritxed sulfuric 
acid, H^SO^./tffto the' 2 liter peaker. 

CAUTION: ijse eyeglasses ^^ari^,^protect1ve clothirig. 

7. ^ Stir the miVture thor^ghly. * 

8. Store it in a glass stoppered bottle. 

9. The cleaning solution should be at a temperature 
of about 50''C when it is usqjd. / " 

10. It may ther^ore be necessary^ to warm the ■' 
, cleaning solution, 
t • 

n. When using the warm cleaning solution, fill the 
piece of glassware with tfhe solution 



'Section V 



REFERENCES/RESOURCES 



13.. Pour the cleaning solution back into the storage 
: bottle. - ' 



12. Allow it to soak for 2-3 minutes (pr longfer): 

the : 

14. Rinse the'p'iece of glas^sware 'ten tirrte^fl^ith / 
A - tap water. ' • , ' * 

15. Vhe cleaning solution may be reused until it 
.turns green. 

16. It should then be distarfftd: ' 



4 f; . 



Standard Methods, 14th ed 
1975, p. 336, par. 2.C.2 
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/ A PROTOTYPE FOR DEVEUpPMENT OF-^ 
ROUTINE OPERATIONAL PRoCEDUfitS 

for the 

^ DETERMINATION OF TOTAL SUSPENDED 
(NON- FILTERABLE) SOLIDS, riig/ liter 




as a^pl ied i n 

WASTEWATER TREATMENT FACILITIES 

• and in the ^ 
MONITORING OF EFFLUENT^ WASTEWATERS- 



Dev^ 



oped by the 




National •Tr'aining and Operational Technology Center 
Municipal Operations and Training Wvi^ion 
Office of Water ProgVam Operations 
U.S. Environmental Protection Agency 
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EFFLUENT MONITORING PROCEDURE: Total Suspended (Non-Fi UerabU) Solids, mg/liter 

Th'is Operational Procedure was developed by:- * , 

' Name Audrey D.^ Kroner • * ' * ' 

Address EPA, OiiPO, NTOTC, 'Cinn nnati , Oino 45268 
^Pos ition cHl^t- Instructor 
Education and Technical Background ' ^ 

B.A. Edgecliff College 

1 year Industrial Research Chemist' 1 
8 years Secondary School Chemistry InstructoV 
4 yeafrs DHEW-DI Water Qu:s1 i ty 'Program Chemist 
7-1/2 years DI-EPA 'Chemis't-Instructof * 
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■ EFFLUENT MONITORING PROCEDURE: Total Suspended (Non-Filterable) Solids, . 

mV liter 

1 . Objective: , ' ' 4 

* To determine' total suspended (non-filterable) solids on a weight (-mg/l iter) 
basis. 

2. Brjef Description of Analysis: } 

A well-mixed ^mple i*s filtered through a weighed, standard gjass fiber filter 
' disc in a filtration assembly. The filter disc wTth retained residue is dried 
in an oven at 103 - 105 C until a constant weight is obtained. The difference 
•between the'weight of the filter disc plus residue''(g) and the original weight 
^ of the filter disc (g) is^divided by the milliliters of sample filtered, then 
multiplied by 1,000,000. 'The final, result is recorded as total suspended (non- 
fiUer^ble) solids, mg/liter. ^ 

1. Applicability ofthis Procedure: 

^. Range of Concentration: 

10 to 20,000 mg/liter* ^V*^ 

Pretreatment of Sample: . ' ^ ^ 

The Federcrl Register Guidelines do not sj)ecify any pretreatment. 
Treatment of • Interferences • in Samples: 

This procedure includes d.irections and information about choosing a sample 

volume small enough to prevent getting too much residue on the' filter. 
(This entraps water and prolongs drying periods.) ' * ' 

No other , interferences are noted in the Source of Procedure .' 



*Source of 'Procedure: M&thods for' Chemical Analysis of Water 5nd Wastes," 1974, 
U.S.* Environmental Protection Agency, Methods Developrnent & Quality Assurance 
Research .Laboratory , Cincinnati, Ohio, 45268. p. 268. ' . ^ 
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EFFLUENT^MONITORING PROCEDURE: Iota 1. Suspended (Non-Filterable) Solids, 

' . mg/liter 



Operating Procedures:- 






A. Prepare the filter disc ' y 






^ 60 minutes in oven at 103^-105^C 
* 20-30 minutes in a desiccator 






B.* Prepare to test the sawle - . - ^ , 
C; Veigh the filter disc 

D. Seat the filter disc 

E. Pilter the sample ' „ ^ ^ 

F. Wash down walls oPfiUer apparatus ^ ^ ^ 

G. Dry filter disc and residue . 


4 




J.l^. Cleauj^he fi-ltration equipment 






60 minutes in oven at 10J°«i05'*C ' 
20-30 minutes in a desiccator 




1 


If. Weigh filter disc and residue ^ ' 
It Check*^ for complete dry.i rig 


f 

1 




30 minutes^ in* ovep ^t 103'*-106'G 
' 20-30 minuses in a desiccator 


Ftni^Ji check for complete drying 






o J. 2 Clean fi-lter disc supplSVt 







K. Calculate, total suspended (nojn-fil terable) sol ids , mg/1 iter 
L.^ Report the data . * - 



ETFLUENT MONITOI^ING PROCEDURE: Total Susf/end€d (Non-Fil t&rable) Solids, ' 
' ' ' mg/1 iter * ( 

Eqwipment^nd^ Suppj^ Requirements ^ - - » 

A.^Capi tar Equipment: ' ^ 

Balance, analytical^ capable of weighing to €J mg under a 200 g load 
Oven, drying, for use at 103°-105''C. * ' , ' 

Vacuum souroe or pump drawing 15 inches mercury 

«B. Reusable Supplies: , ' . 

1 Cylinder, graduated, 25 o'r 50 ml 

1 Cylinder, graduated, volume equal to or greater than the volume of 
sample to be filtered/ ("100 ml is commonly used. For^sample 
volumes les5 than 10 ml, a wide-tip pipet can be used with a 
pij^t bulb to draw sample into pipet.) ^ , ^ 

1 Desiccator (for storing filter discs on watch glasses, etc.) 

1 Flask, suction, with side arm, 1000 ml 

1 Hose connection from suction fUsk to vacuum source 

1 Pinchcock clamp to ussr-^n hose 

^ Filter holder: membrane filter holder assembly or Buchner funnel -or 
^ Jiirsch funnel* The filter holder should have a stopper whtch fits 

^ --^ .into the -mouth, of the 1000 ml suction flask. Gooch crucibles may* 

Jbe used--one for each sample plus one adapter to hold the crucibles 
^in the mouth of the 1000 ml suction flask^. 

1 Support for filter disc during drying (watch glasses, etc, number ^ 
a depends on number of samples)/ If Gobch crucii)les are used, m^t 
this item. 

1 Pair Tongs or gloves, etc., to remove crucibles or, watch glass from 
the oven * 



1 Pair Forceps ,(flat, to handle filter discs) 
1 Wash Bottle, squeeze type for distilled water 
1 5et Cork Borers 



4 
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fFFLUE^rr monitoring procedure: Total Suspended jNon-Filtetable) Solids, 
. * . mg/liter • / ' • 



♦C. ^Consumable Supplies: * . ^ . 

Filter discs, gl-ass fiber, without, organise .binder. Reeve Angel type^ ^. V 
^ , 934/Vor* 984H, Gelmaa'type A, Whatman GFi^C or equivalent. Diameter - 
. 'Should be large enough so disc will- cover 'openinfi^ ip t^e filter 
holder to be*used . 

.Marking ink' to permanently marjc glass'or porcelain. A marking tool can 
, be used ^*n-steafd. ' - ^ * • * - ; 

Notebook, bound- 



Tiisues, SQft (for b.aldn^ worljjil^ 
Wat,er, distilled 



V X 



4 



4 
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EFFLUEKT MONITORING PRdcfPURE: Total Suspended (Non-Filterable) Solids, mg/liter 



H#ge NO., 16-8 



OP.EBATING PROpEOl^ES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPklFICATIONS 



TRAINI!;G 
GUIDE IJOl^S 



TOTAL SUSPENDED (NON-FILTERABLE) SOLIDS, mg/liter 

/ 



A. Preparing the 
Filter Oisc 




1. Gather equipmertti — 



2. Place- filtet holder with 

, stopper or adapter /into the 
suction flask. 

3. Attach ho^e". . 



4. Pick up a filter disc. 

5. Place- fil ter-discf-on the 
^filter holder. 



6. Apply vacuurfl, 



7. Measure out about 20 ml 
distilled water. 



la. See page 6 for list of^cessary equipment. The 
.oven shduld be turned^n and set for 103°-105®C 
temperature. ' - ' ' 

lb. Filter disc supports (watcTi glasses, etc.) or 
Gooch crucibles shoi^ have permanent identifica- 
tion 'marks. \ 
*lc. Be sure equipment is clean. 

2a. Twist, pressing downward for a'ir-tight fit. 



I 

Ip. 25) 
V.A.lb 

V.A.lc 

(P:^ 27) 
4 



3a. From^side^ arm of suction flask to the vacuum 
source: ^ 

4a. Dsing forceps. 

5a, Wrinkled surface 'of filter disc facing ' upward. 
5b. p*sc shoi^ld cover all openings in filter holder. 

6al t5|*aduany, to seat the filter disc. A pinchcock 

pi amp on the. vacuum hose c'an be' used to regulate ( ~ 
appHc^on of vacuum. ' . 

6b. If a ^mbrane filter holder is used, attach funnel 
now and tighten the collar. \ ' 

7a. In a 25 of 50 ml graduated cyl.inder. • 



/ 





EFFLUENT MONITOR ING PROCEDURE : Total Suspended (Ron-Filterable) Solids-, mg/ltt^r 

. : — - ■ / 



OPERATINi^* PROCEDURES 



A, Preparirrg the Filler 
Disc (Continued) 



\ 



ERLC 



STEP SEQUENCE 



8. Pour the 20 ml distilled water 
on to the disc 



9. MeasuVe out abCut 20 ml 
distilled water. 

10. Pour. this second'20 mV amount 
of distilled Vater on to the 
disc. 

11. Measur^e out about 20 ml 
distilled water. 

1?. Pour this third 20 ml amount 
of .distilled water qn to the i 
disc. - . 

3. Continue Vacuum applicattoh. 



14. Turn off vacuum. 



15. Loosen the filter disc from 
the filter holder. 



INFORMATION/OPERATING GOALS/SPtCIFICATIONS 



' TRAINING 
GUIDE NOTES' 



fta. Vacuum still bfeing applied. . 
8b. To rinse off the filter disc. 
8c^ If fibers- Of disc form a lumpy area, discard the 
disc and begin again at step 4. 

9a. In the same graduated cylinder/ 



Oat. Vacuum, still being applied.' 
Ob. A second rijise for the disc. 



la. In the same graduated cylinder. 



2a. Vacuum stilJ being upplied. 
2b. A third rinse for the disc, 



13a. For 2 minutes Jo remove all flraces of water. • 
13b. If a membrane • filter h6ld£^ is used, lft0s,en the 
coDar and remove the funnel. 

14a. Break vacuum by pushing upward on the rubber 

adapter pr stopper until air can 6nter the flask. 

I'Sa. If a Gooch crucible is used, omit this step. 
5b. If a liiembrane filter holder is u'sed, use forceps 
to loasen the disc. Be careful not to damage tbe 
disc. 



7. 



/ 
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OPERATING PRCCEDURES 



STEP SEQU 



iriFORMATION/CFEPATING GOALS/SpECIFICATIOriS 



TRAINING 
GUIDE NOTES 



A. Preparing the Filtef 
Disc (Continued) 



16. Slide the filter disc onto 
' a suitable support. 



17. Put disc (on support) info 
an oven. 



18. Remqve di sc\ ftJn' support) 
from oven. 

19. Allow disc (on support) to 
cooj parti^lly to room 
temperature. 

20. Put disc (on support) into 
desiccator. 



21. Store dijc in desiccator 
.until needed. 



16a. If a Gooch crucible is used, remove the' crucible 
wfth the filter disc in it. ^ipe the outside 
>^ith a tissue to remove droplets of water, finger 
prints,, etc. Do not directly handle 'the crucible 
during the procedure. Use tissue, forceps or 
tongs instead. 

16b. If a membrane filter holder is used, use a dry 
watch glass, etc., to hold the disc. 

16c. The filtration a&sembly can be left as. is for 
future use. 



J7a. To^ dry at 103^-I05°t. ^ ^ 

17b. For 30 minutes in a mechanical convection oven. 

17c. For 60 minutes in a gravity convection oven. 

17d. Note: Do not open oven door during drying period. 

18^-^ With tongs or gloves, etc. 

\ 

19a. Place on clean, heat-resistant surface for about 
three minutes. 



20a. With tongs or'gloves, etc. 
20b. 'Oesiccant must be dry. 

20c. Desiccator should be air-tight 'with enough rtiom 
so disc supports dft not touch each other or the 
side of the desiccator. 

21a. Disc and ^ppprt sh9uld be copied to room tern-' 
perature t5efo^e weigl\ir\g--20 to '30 minutes. 



VJ\.20a. 
te. 27) 
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EFFIDENT MONITORfMG PROCEDURE : Total Suspended (Non-Filterable) SoHds; mg/liter. 



OPERATING PROCEDURES 



• STEP SEQUENCE V 



INFORMATION/OPERATING QOAL^S/ SPECIFICATIONS 



*traini[:g 
guide notes 



B. Preparing to Test 
the Sample 



1. Assemble filtering equipment 
except for filter disc. 



/ 



I 

2/ Record the sample identifica- 
tion information. 



la. Equipment list is on'page-^. ^ 

lb. The filtering assembly use9 to prepare the disc 

»(i^insing it) can be re-used at this tirn^. 
Ic. i^inse water can remain in suction flask. 
Id. Filter holder or Gooch crucible adapter should be 

tightly in mouth of suction flask.^ 
le. The oven should be turned on and' sit for lOa^-lOS'^C 

temperature. * 

2a. ^Sample stiould be at hand before continuing with 

this test. ■ * 

2b. Use a laboratory notebook. 

2c. Record "identification", "type", "date ^nd time 
collected", and name of "sample collector. "^ 



VII.B.2a 

(p. 2S) 
IX.B.2b 
(p. 31)' 
IX.B.2C 

(p. 31) 



C. Weighing the Filter 
Disc 



1. Bring forceps, record book 
and pea to balance table. 

2. Zero the balance. 

3. Remove fiUer disc (on support) 
from desiccator. . 



4. Record filter disc identifica- 
tion. 



la. Use an analytical balance. 



3a. 



4a. 

4b. 
4c. 

4d. 



If a Gooch cruQible is "being used, use a tissue, 
forceps or tongs %q remove it- from the desiccator, 
It should contain a rinsed, dried filter disc. ■ 

Gooch crucible number or watch glass number. 
(Examples: C-12, WG-1 ) . 
In laboratory notebook. 

In column of the samp\,e for which this disc wil l 
jje used. 

Labeled "filter identification." 



V.C.4a 
k(p.- 27)' 



IX. C. 4 

IP- 32) 
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EFFLUENT MONITORING PROCEDURE: total Suspended (Non-Filterable) Sol icls , mg/.l iter \ 


CIO. Ib-I^^" 


OPERATING PROCEDURES 


,STEP SEQUHt^CE 
. ■ . \ 


» 1 . ' 1 

. INFORKATION/CPERATINGpALS/SPECIFICATI-OflS 


TRAIIlKiG 
GUIDE :<OT£S 


C. Weighing the Fifler 
Disc (Continued) 


5. Place filter disc on balance 
pan. ' . 

\ 


' i '— 

\ I ■ 

5a. If a Gooch crucible isl being used, use a tissue, 
forceps or tongs fo pl^c^it on the balance pafi^^ 

5b. If a membrane fflter hblder is being used, use ' 
forceps to slide the'fjlter disc from tf^ storage , 
support (w^tch glass, ^^tc.) on to the paV. . , 


- - • ' > 




6. Weigh the filter disc. 


6apiTo four decimal places^l 

6b. For Gooch crucibles, yob <:an save weighing time- by 
keeping a list of the /iwnbered crucibles With their 
approximate weights so yoa have a beginning weight 
for this operation. i ^ * 






7. Record the weight. \ 

■ ^ \ 

* 


7a.. In laboratory notebook, i ^ " • 
7b. In'column of the sample (for which this disc wilt 

be used. ^ 1 . • " > 
7c:.>J.abeled "weight of filter (g).'' If Gooch crucibles 

are used, this is the wejght or the crucible con- 
\ taining a filter disc, j 
\ ' '.1 ' ♦ 


IX.C.7 ' J 
(p. 32) 


F 


8. Remove the.f ilter'disc from 
the balance pan. 


8^. If a Gooch crucible is b^fng used, usfe tissue, 
, forceps *or 'tongs to vmo^f crucible containing 
filter disc. / j * ' * , 
8b*v If a membrane filter hold'jei^ is being used, use 
' ^forceps to slide the filter^disc from the pan on 
to its storage support (w^tch glass, etc.). 






9. Return all weights on the 
balance to zero position. 

J. 


- ^ • ^ / ! 

\ 

4^ a \ 


\ 

i 


• 




\ * 

' i. 

; ■ - 
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EFFLUENT MONITORING PROCEDURE : Total Suspended. (Non-Filterable) Solids, mg/liter 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GbAtS/SPECIFICATIONS 


TRAINIIiG ^ 
GUIDE NOTES 


0. Seating*^the Filter 
• Disc 

% 

• 


1. Slide the filter -disc on to 
th^ filter holder held in thQ 
mouth of the suction flask. 

2. Apply vacuum. . , 

i 

3. Pour about 5 ml distilleq 

. water on to the filter disc. 

4. L^ive vacuum on. 

1 


■- ' — ■ 

la. If a Gooch crucible is used, put crucible and disc 

ipto the Gooch crucible adapter, 
lb. If'a membrane filter holder is used, place the 

wrinkled surface of the disc facing upward on the 

fil ter holder. 7 - , 
.Ic. If a series of funnel type fil ter 'assemblies are 

used, be sure to wrUe the filter disc identifica-^ 

tion number on the corresponding funnel or flask. 

2a. Gradually, to^elp seal fil.ter disc, A piru:hcock 
, claoip on the vacuum hose can be used to regulate 
application of vacuum. » . , > 
2b.\If,a membrane filter holder is being used,, attach' 
'funnel now and tighten the collar. 

V 

3a. %acuum still belnj applied. 

3b. Can use squeeze bottle of distilled water and 

estimate volume. ' * ' 
3c. Wetting helps seat filter against holder. ^ 

• 


y 

» 

m . 


' !• Filtering the ' 
Sample 

I 

• 


V. Record' date and time. 

2. Select the volume of sample 
to be filtered. 

> 

3. Shake tKe sample, 

* 


* . »' 

la. In -laboratory jiotebook. ^ * , 
lb» In column of'^tlie sample to be filtered'. 
Ic. LabeledJ'Date and ^ime Analysis Began." 

2a. IQO ml of sample is a commonly used volume^. 
2b. CAUTION: Too much residue on the^filter will entrap 
^ wat^r and m4y require prolonged' drying. If sus- 
' pend^d solvd concentratioji in the sample, is 
obvi'ouslyi great , choose a* less-than-lOO ml volume 
of well mixed sample. » ^ 

3a. So portion used ,is reffre&entative of all the sample. 
' \ . " • Pag^ 


♦ * . J* 
* 

•IX.E.l 

(D. 32), 

,VII.EV2b 
(p-. 29]-' 
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EBFLUENT MONITOR ING PROCEDURE S Total Suspended (Non-Fi Uerable) .Sol ids ,'^nig/-l it?er 
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Page No. Ij6-14 
* 



-OPERATING PROCEDURES 



E; Filtering the 
Sample fContirlued) 



4. Immecliately 'measqre out the 
selected volume. 



STEf^.SEQUENCE 



5. Pour tf>e sample on to the 
f i*lj;er jlrsc in the filtration 
ass,embly. ' * . 



6^ Rinse any's^mple left in the 
cylinder, on to the filter disc. 



7. Leave suction on. 

Record the total ml of sanlple. 



INFX)RlftTION/OPERATING GOAL'sVSPECIFICATIONS 



TRAINING 
GUIDE NOTES . 



4a. Usir>g-a graduated cylinder (use a wide tip pipet. ' 

for. volumes les$ than 10 ml), , ^ 

4b. Measure 'rapidly since solids may settle' in the - 

sample^container v/hile you are filli'ng the cylinder. 
4.C. If you pour the sample to abo.ve the graduations, 
pour that sample bafck into the bottle and begin 
'again at Step 3. ' ' • 

5a. You should filter a21 the. sample ypg measure out ' 
because you Should rinse remaining, settled solids 
out of the -d^^linder and on to the filUc||^^. 
5b. If a series Qf samples^ are being^ f.il|^^HHf sure 
yqu filter 6ach sampje' through 't he jHHI^^c you 
Weighed and designated for that- sample onthej^ab 
dajta shpet. • " ' . • • 

6d. With distilled water. * ' ■ 

6b. As.requiredi . ^ - ^ , ' 
6c. If 'suspended sol id^cohpentratipn on «the ti.lter disc 
is obvTOiJ.sly small , measure addition^ Volumes, of 
weM -mixed sample and fi'lter these, rinsing the 
cyl.i nd^r each time. 



3a. In laboratory notebook? 
Bb.'irf (^olumn'of the sampTe filtered. 
3c. Labeled "ml Sample Filtered." 



IX. E. 8 r 
(p. 32)/ 



> - 



'■4 So 
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EFFLUENT MOfllTORIMG PROCEDURE: Total Suspended fNon-Filterable) Solids, mg/liter 



OPERATING PROCEDURES 



STEP SEQUENCE 



'INFORMATION/OPERATINQ GOALS/SPECIFICATIONS. 



TRAIWIIIG 
GUlDc rWTES 



F. Washing Walls of 
Filter Apparatus 



1. Rinse waljs of filter holder 
with about 10 ml distWled 
'wa^er. 



/ 



la. A squeeze bottle of distilled water can be used 

Estimate ±he 10 ml voT)ume. 
lb. Otherwise, use a graduate and direct the r<nse onto 

thjs walls. ' 
Ic. Suction should be applied. 



/ 



o 48S 
ERLC 



2s Allow time for corfiplete^ - 
drainage. 

3. Rinse walls of filter holder 
with another 10 ml distilled 
water. 

4. Allow tirpe "for complete 
drainage. 

^ ' i ^ 

5. Rinse-walls a third time with 
about .10 ml distilled water. 

6t^Continue vacuum application.. 



7. Turn o'ff vefcuum. • 



3a. See information above for F..1, 



5a. See information above for F^.l. ^ , 

5b. NOTE-: The>diluted f i 1 trate'^cannot be uSed for a 

di ssol ved sol ids' deterrtvi nation. 
Ba. For two mtnutes to remove a VI traces water. 
6b. If a membrane filter holder is used, loosen the 

collar and remove the funnel. • ^ . 

7a. Break vacuum by pushing upward on the rubber 

adapter or ^topper until air c^in enter the flask. 



r 



489 



Page No. 16-T5 



EFFLUENT MONITORING PROCEDURE ; Total Suspended (Hon-Filt£rable) Solids, mg/liter 



iJjge m. ib-ib 



OPERATyiG PROCEDURES 



STEP SEQUENCE 



INfORrWTIOff/OPERATING GOALS/SPECIFICATIONS 



TRAiriK.'G 
GUIDE tiOTES 



G. Drying the Filter 
Disc and Residue ' 



ERIC 




1. Loosen the filter disc from 
•the filt ^ ho^ der^ ^ 

2. Slide the filter disc plus 
^ residue on to Its support. 



3f fet di'sc ion support) into 



o^en. 



4. Remove disc (on support) from 
• £)ven.. 



5. ^llow disc ^(on support) to 
cool pdrtia^lly to room temper- 
ature. ' , - ' 



6. Put disc (on, support) into 
'desiccator. 



7. Allow time for^lsc to cool 
•to roorr> temperature. \ 



la. If .a Gooch crucible is used> omit this step. 

lb. If a^membrane filter holder is used, use forceps 
to loosen the filter disc. ' 

2a. If a Gopch crucil>le Is^used, remove the crucible 
with the filter disc in it. Wipe the outside with 
a tissue to^remove^droplets of water, fingerprints, 
etc. before drying^ * 

2b. If a membrane filter holder is used, slide the 
filter disc on' to the same marked wa.tch glass you 
-^used earlier for Its support. 

3a.. To dry at 103^-105"C. 

3b. For 30 minutes in a mechanical "convection ove/i. 
it. For 60 minutes in a gravity convection oven. ^ 
3d. NOTE: Do not open oven door during drying p^r1o<f. 
3e. NOTE:- While $ol>jds are in drying oven, do ']n>. 
Cleanifig the Equipment, Step 1." ' ' 

r4a.\ith tor»gs or gfoves, etc.- ^ ■ . 

4b.' Let oven turned on and set for lOa^^-JOS^C- temtferl- 
. ture. ^ ' 

^a. Place on clean, heat-resistant surface about ^ 
three mir^utes. 

> , --"iv . . 

6a: Desiccant must be'^dry.^ 

6b. Deslccatar shoultf'Te alr^-tight with enough room 
so disc a^ypports do not touc^ each other or the' 
side, of t^p i^sicwtor. ^ , ^ 

7^. Twenty to 30'minute$» 



9 



( 



yiI.G.3b 

(p.. 29] 



V.G.6a 
(p. 27.) 




EFFLUENT MONITORING PROCEDURE : Total Suspended (Non-FiUerable) Solids^, mg/liter 



r 



OPERATING PROCEDURES 



H, Weighing ttie Filter, 
Disc artd Residue 



er|c 



STEP SEQUENCE • 

^ 

1. Bring forcepsi record book 
and pen to balance* tabi 6. » 

2. Zero the balance. " * 

3. Remove filter disc plus | 
- residue (^n support) from 

des^iccator. 

4. Place filter disc on tftilapce 
panr. • 



5., Weigh, the fi^lter disc rITus*' | ] 
residue.' ^* | ^'-^ 



6. Recdrd \he wei^t. 



INFORMATION/OPERATING GOALS/SPECIFICATJOKS 



TRAINiriG 
GUIDE NOTES 



/ 



4a. 
4b. 



7. Remove -^he fiflter.'disc from 
tKe balant;^ pan.. 



8. Return all* weights oTi the 
balance-to zero pbsitiofi. 



6a. 
6b. 

6g.^ 



7a .V 
7b. 



•Use the same analytical balance^^you used earlier 
to weigh the disc* • - 



If a ^Gooch^trjicibJe is being used, use -a. tissue, • 
forceps or tongs to remove it from 'the desiccator. 



If a'Gooch crucible is being u'sed,"U^e a»tissue, t 
^fonceps CM^ tofctrgs to place 'it oh the balance pan.* 
If a membra n^ fil ter helder is being^used, usj©. » 
forceps " to, §lict« the filter 'disc from, the storage 
support^ (watch -glaSSr et'c,). onto' t>\€ pan.''' ' * , 

To four decifhal plates* ' ' j , * 

^Use'thQ. "w?ight»of the filter" (or of the-Gqdch 
cruciBle with f3Tter) oruyour LabOr'atory Data ' 
Sheet as a ^)eginnina weight. 

In laboratory jiotebbok, . . ' . 
In *c6lut# of •tl3e sampl^ for which the 3i5c:wafi,iAed 
'labeleii ,"1 St weight^ oi^'filter p-lus^esjdue (gV,'" ' 
If GboGh' cmcib.les^are used, this Ts^tfie weight^ ctf 
the crtfcible cont4ir>ihg -a filter disc with res-idwe. 

If^a Gooch*crucible is being used, r^ove crucible 
^containing filter d'isc w'ith .residue. * * ; ' . 
If a m^brane filter holder isi)eing used, use 
forceps io slidfe tjie filter dist yyith residue back 
op to it-s^-suppori '(wa'tch •glass, He) ^ ^ 



G 



IX. 

f(P 



h;6 ^ 

, '32) 
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OPERAXING PWtEDURLS 



STEP SEQUEfiCE 



HJFORMATLCfN/OPEPATING GGALS/SPECiaCATIONS - 



TRAirilNG 
GUIDE NOTES 



I. Check Tor Complete 
Drying.. 



-J 




1. Put^disc plus r^sjdue (on ^ 
' sujDpart) iQto an oven. jf 

2. Remove disc 4"on support) 
froin oven'. • 



3. "Allow disc (on support) to 
cool' partialiy to room 
Ipnperature. 

4. Put disc (on support) into 
desiccator. 



5. A1\9W time for disc to cool 
to room temperature. 

6. Bring forceps, recoif^d book 
* and pen to balance table^ 

7: Zero the [valance.* 

8. Rerfiove filter disc (on 
support) from des-iccator. 

9. Place filter di sc on 
balance pan. 



10. Weigh the filter disc P'^us 
residue. , 



la. At 103'^-105°C . ^' 
lb. For 30 minutes. , . 
Jc. NOTE: Do not open oven do'or , during drying period. 

f 

2a. Using tongs or gloves, etc. 'no 
2b. Let oven turned on and set 'foV 103 -105 C tem- 
. perature. : 

3a. Place on cilean, heat-resistant surface for about 
tlvee minutes . . - 



4a.. Desiccant must be dry.' 

4b. Desiccator should be^air-tight with enough room 
so disc supports do not touch each other or the 
side of the de;siccator. 



(p. 30) 



5a. Twenty to 30 mini/fc^s. 



5a, Usa an analytical balance. 



8a. ^f a Gooch crucible is being used, use a tissue, 
forceps or tongiS"' to remove it from the desiccator. 



9a. If a Gooch crucible is being used, u'se a tissue^ 
forcepa^ or tongs to place'it on the balance pan. 
lb. If a membrane filter holder is being used, use . 
forceps to sliTJe-tne filter disc from the storage 
Support (watch glass, etc.) on to the'pan: 



10a. To four^decimal places. 

10b. Use the "1st weight of,' the filter plus residu^ 
(g)" recorded on your data $heet fpr this sample 
as a -beginning weight. ' - . - 





EFFLUtlTT MONITORING PROCEDURE: Total Suspended {Non-Filterablfe) Solids, mg/liter 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



trai!iii;g 

GUIDE MOT Eg- 



I. Check for Complete 
Drying '(Continued) 





1 1 . Record the weight. 




V2. Remove the filter cnsc plus 
'residue from the balanCe pan. 



13. Return all weights on the 
balance to ze/ro position. 

Fiji the difference between ^ 
the 1st and 2n6 weights of . 
the fiUer^plus residue. 

15. Inspect the d^fferenc^ for 
.acceptable agreement of 
' these two weights. 



11a. 
lib. 

11c. 



12a. 



12b. 



In 'laboratory notebook. 

In column of the sample for which' the^disc was 
used. ' * . ^ 

Labeled "2nd weight of filttr plus residue (g)."' 
If Gooch crucibles are use<l, this is the weight 
of the crucible containing a filter disc with 
residue. . • ♦ ' 

*• 

If'a Gooch crucible 1s being used, remove crucible 
containing disc with residue. Save this. • * 
If a membrane filter holder is being used, use 
forceps to slide the filter disc vith residue back 
on .to its support (watch, glass, etc.). Save this. 



14a. In laboratory notebook. - m 

14b. In column of the samp-le for which the*isc was 
used.' 

14c. Labeled "difference (lst-2nd)." 

15a. If the weights agree, drying was compTBttNso the 
• procedure is finished. 
J) •The weights should ideally be cfinstant C-the 
same weight, ± the possible balai^eT error of 
O.OOOlg'tO.l mgn. Use the lastt/feight obtained 
^^r\ acceptable difference between these succes- 
sive weights is no more than 0:0005g (0.5 mg). 
In this case, use the last weight obtained for 
'the "final weight of filter plus residue (g)" 
on line 13 of the Laboratory Data. Sheet. 

(Continued) 



IX. I. 11 

(D. 3,2) 



IX. 1.14 

(p. 32)' 



II.I.15a.l 

(P^ 26) 

* 

11.1.15a. 2 

fp. 260 
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EFFLUENT MONITORINQ PROCEDURE. : Total Suspended (Non-Filterable) Solids, mg/liter * . . 

. ' < ' • * • « 



OPERATING PROCEDURES 


: STEP SEQUENCE 


If^FORMATION/OPERATING GOALS/SPECIFICATIONS ^ 


TRAINICG 
GUIDE NOTES 


I. Check for. Complete 
Drying (Continued) 


16. Sign the laboratory^data 
\ sheet. 

^ ) ■ ♦ 

Turh oven off: 

lo. Discard the filter disc plus 
residue. 


15b. If the weights do not meet, the requirenjents of 

agreement, repeat this '^ISection^ I : Check for Com- 
plete Drying" until you do obtain two successive 
' .'weic^hts that ajree according to a.l) or'a.2)' 

above. Use the last weight obtained as the/'finaf 
■weight of ftlter plus residue (g)" on line 13*of 
. t^he Laboratory Data Sheet. 

16a. In laboratory notebook. 
l^Bb. In column ftsr sample(s) you tested. 
J6c. Labeled "analyst." . 

18a. Unless there is some reason for saving the solids, 
18b. The fil"tfer disc support should be cleaned 

according to "J. Cleaning the Equipment, Step 2/' 


IX. 1.15 
(p. 32) ^ 

IX. 1. 16 
(•p. 32) 


• J. Cleaning the Equip- 
ment 

-49^ 


1. Clean the filtration equip- 
jpnent as soon as possible 
after use (See G.3e). 

m 


^ ^H^^ — ^ 

lai Membrane filter holder assembly: Leave dis*c support 
In suctiorf f'lask, use squeeze bottle of distilled 
water, rinse disc support while applying gentle ^ 
suction. Assembly need not be completely dry before 
re-use. 

lb. Hirsch fGnnel or Buchner funnel: Leave funnel in 
suction flask aund rinse .with distill'ed water as 
described above^in J. 1.1a. 

Ic. Gooch aflapter: Leave In suction flask and rinse 
the small glass funnel with distilled water 
(squeeze bottle) while applying gentle suction. 
Adapter need not be completely dry before r^-use. 

Id. Suction flask: Remove ttje rinsed'filter holder. 
Empty "^the flask through the top (not the side-arm). 
Rinse it with tap water. Flask need not be Com- 
pletely dry before re-use. 

(Continued) - ^ 





EFFLUENT MONITORIN G PROCEDURE : Total Suspended (Non-Filterable) Sol ids , mg/1 iter 
I \ — • — • 



OPERATING PROCEDURES 



eaif^lng'ihe Equip.- 
"men^ (Continued) 



STEP S^UENCE 



2. Clean the filter dis.c support 
as soon as possible after use. 
"<See 1.17. b) 



INFORMATION/OPERATING'GOALSTbPECIFICATIONS- 



Graduated cylinders:' Rinse with distilled water. 
These should be dry beforevre-use. 
If. stronger cleaning measures are required , ^use 
•directions given in the Training Guide. 



Te. 



2a» Gobch crucibles:- Rinse 'With disti-lled water and 
shake off -exc^s. Cructile need not be completely 
dry before, r^stf. ' • 
2b. 'Disc sfl'ppqrt' (watch glass etc. J: Rinse'wyth. dis- 
til led water. Dry Mmpletely>before re-use; 
2c. If, stronger cleaningineasures are required, use 
d-irecti'ons giVen in Training Guide. ' ^ 



TRAJfiING 
GUIDE WTES 



V.J. If 

(p. 27) 



V.J. 2c 
•(p. 27) 



K. Calculations 
4 



1. Use the following step§ to 
calculate 'total suspended - 
(non-filterable) solids, 
mg/ 1 i ter . 



la. The calculation formula is: 

T-otal suspended ^ol ids, mg/liter = 

. ml sample filtered ^ 

It). The "Typical Laboratory Data Sheet" has the steps' 
and an example for doing this calculatipn. 

1#. Numbers used in the examples below are from th% 
example in the third "Sample" column on the 
"Typical Laboratory Data Sheet." 




S 



IX. 

(P/. 32) 
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^FLUENT MONITORING PROCEDURE : Total Suspenaed (Non-Fi]terabl e) Solids, mg/liter 



Page No. 16-22 ' 



OPERATING PROCEDURES 



K. Calculations (Contiiued) 

2 



ERIC 




STEP SEQUENCE 



Subtract the- "weight oftrfilter 
(g)" on line 14 from the 
"final weight of filter plus 
residue (g)" on line IS. 



Write the difference on line 
15 of the data ^heet. 

Divide this difference on 
line 15 by the "m^ sample 
.filtered" on line /^te-get 
a' 7 decimal place-^swer. 



5. Write tl^is a«swer on line 16. 



I NFORPAT ION/OP ERAT I NG GOALS/ SP EC I F I CAT I ONS 



2a. Example 'on data sheet: 

/ 



line 13 - 0.1413^. 
line 14 r 0.129/q. 

Difference = 0.0120 g. 



2b. NOTE: This is the grafn 'weight of the residue 

which was on the filter disc. . $ 

2c. IMPORTANT: This gram weight of the residue (the 
^ difference) should.be greater than 0.0025 g. If 
the y/eight of the residue (tlie difference) is less 
than 0,0025 g, yot) should repeat the procedure ahd- 
filter a large** volume of the sample so more - 
residue is obtained. 

3a. This has been dane for the example Nn the third , 
"Sarffple" column.^ . . ' 

4a. Example on data sheet: 

line 15 . 0.0120 



^ = 0.0001791 g/ml 



line 7 67.0 m 

4b. NOTE: This is the^gram weight of residue in^ach 
ml of the sample. 

5a. This has been done for the example in the third 
"Sample" column . v 



TRAIiiniG 
GUIDE NOTES 




VII. K. 2c. 

fp. 30) 



IX. K. 3 
(p. 32) 



IX. K. 5 
(p. 32) 
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EFFLUEKr MONITORING PROCEOURE : Total Suspended (Non-Filterable) Solids, mg/liter 



OPERATING PROCEDURES 



STEP'SEQUENOE 



INFORr^TrON/OPE||nNG GOALS/SPECIFICATIONS 



TR^iNn;Gt 

GUIDE MOTES 



K. Calculations (Continjed) 



6. Multiply th6 7 decimal place 
answer online 16 by 1,000,000 
(Move the decimal point 6 
places to the right). 



7. Write thi^ answer on line 17. 

8. Round off answer on line 17* to 
to the nearest whole mg. ' 

9. Write this answer on Ifne 18.* 



6a. Example on data sheet: 

line 16 is 0.0001791 g/ml / 1 ,000,000 = 179 .fmg/l iter 

6b. NOTE: This mu'ltipl ication converts the ^ram weight 
♦ of residue per ml 'to the unit of mg/liter. 

7a; This has been done for the .example in the third 
"Sample" coIuitttk 

8a. Example on data sheet: 

line 17, 179.1 mg/litf^r becomes: 179 mg/lher 

9a. This has t>een done for the e4am|>le in the third 

"Sample" column. 
9b. Recprds should be^kept in a laboratory notebook. 



L. Reporting Data 



1. Report total suspended \' 
(non-filterable) solids, ^ 
mg/liter. 



la! On any re fluire d record or report sheets. 




50i: 



IX. K. 7 - 
(p.. 32; 

U.K. 8a 
(1*, n26) 



IX. K. 
(p. 32 



'U,L.l^d 

fp'. 31) 
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EFFLUENT MONITORING , PROCEDURE : Determination of TotaUSuspended (Non-Filterable) 
• ^ . S6^ ids, mg/1 iter 



TRAINING GUIDE 



SECTION 
*I 

*ir 

• HI 
iv 

*V' 

VI ^ 
*VII 
VIII 

*ix 



TOPIC 
Introduction 

Educational Concepts -Mathematics 
Educational Concepts-Science^ 
Educational Concept s-Cormiuni cations 
Field & ^[laboratory Equipment 
Field S Laboratory Reagents 
Field Laboratory Analysis 
Safety / 
Records & Reports ^ , 



*Only these secti^s are used in this procedure. 



50 1. 
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FFLUENT MONITORING PROCEDURE : Determinationi af Total Suspended (Non-Filterable), 
' "Solids, mg/lifer ^ 



INTRODUCTION 



Section^ I 



TFWINING GUIDE NOTE 



REFERENCES/RESOURCES 




ERIC 



'Suspended solids are insoluble solids that are in 
suspension or dispersed in water, wastewater, or 
other liquids.^ These are Vargelf removable by 
standard fil'teririg pr^ocedures in a laboratory. 

The term "suspended solids'' is used here to- refer 
to the quantity of material removed from wastewater 
under specified laboratory test conditions: The 
test described in this instruction can be found in 
the EPA Methods Manual on page 268, entitled "Resi- 
due, Total Non-Filterable." 

The amount of suspended solids in samples "can be 
used to indicate the efficiency of primary and 
final settling tanks and the quality of plant 
eftlu^nt. Thus the results of this test are used 
for plant control and for regulatory requirements. 

This procedure to iletermine suspended solids can 
also be found in Standard Methods on page 94, en- 
titled "Total 'Nonfiltrable Residue Dried at 
103-105C (Total Suspended Matter)." 



Glossary Water &i»Wastewater 
Control Engineering. 1969. 
WPCFviiashingtortV DC 20016 



Methods for Chemical 
Analysis of Water and 
Wastes. 1974. EPA-MDQARL, 
Cincinnati, OH 45268, 
p. 268 



Standard Methods for the 
Examination of Water and 
Wastewater. 14th ed. , 
19>6. APHA, Washington, 
DC p. 94' 
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EFFLUCtiT MO r inORlliri PROCtPURE : Determinafvori of Total -"suspended (Non-Filterable) iolids 
' * mg/liter ^ ' 



Educational concepts-mathematics . - * ' 


Section II " " • 


TRAi:;!""- r/jiDL,;;0Tr . 


PEFrREflCrS/RESOUf^CES 


-7 — ^ ■■ 

•I.lSa.l V 

• 


EXAMPIIE of constant weights that differ on,lv by a 
possible balance error of ± O.OOOlg' CO-l fng) 

True weight = 0.1286g 

1st wt. obt'ained = 0.'1287g (True + 0.. 1 mg) 
2nd wt. obtained = 0.1285g (True 0.1 mg) 
Difference = 0.0002g 




I.15a'.2 


Thus to agree within possible balance error/the * 
difference betv/een the two weights should not be more 
than 0.0002g (0.2 mg). 


r 


EXAMPLE of an acceptable difference between succes- 
sive wei'ghts where the difference is not more than 
O.OOOSg (0.5 mg): , 

Mt wt. ojDtained = 0#1287^ - -' 

2nd wt. obtained = 0.1283g 

Difference = 0.0Q04g (0.4 mg) 
# 

Use the 2nd wt. o^ained. 


r 

• 


K.8a. 

• 


Rounding results to the n^rest whole mg: If the 
digit 0,l',2,3 or 4 is drop^d, the preceding digit 
is not altered. 

EXAMPLE: 10.4 mg is rounded to .10 mg 


Standard Methods for the ' 
ExaminatiO'n of Water and 
• Wastewater. 14th ed. , 1976 
APHA, Washington,' DC p. 18 


- 


If the digit 5 is dropped,. the preceding digit is 
rounded off ta the nearest even number. 

EXAMPLES: 10.5 mg is rounded to 10 mg 
11.5 mg is rDutided toj2.mg 


U.S. Ei'A, Handbook for 
Analytical Qualit^ Control 

1 ri wa Lcr arlG WabLcWdLcr, 

Laboratories. 1972, EPA- 
AQCL, Cincinnati , OH .45268. 
P ' 7-2 




If the digit 6,7„8 or 9 is dropped, the preceding 
jigit is icc/eased by one-uni-t. • »• 




• 


iXAMPLE: 10.6 mg is rounded to 11 mg 
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Determination of Total Suspended (Non-Filterable) Solids 
mg/1 iter . • • i 



FIELD & LABORATORY EQUIPMENT 



Section V 



A. lb, 
C.^a. 



A.lc, 
J. 2c. 




A. 20a. 
'3.6a, 




RrFrRL'riCKs/PLS^u^c:^^ 



Gooch crucibles or filter dis^supports (watch 
glasses, etc.) should have if^entifi cation marks which 
will not be lost at the oven temperature. .of 103°- 
105"C. Gooch crucibles with this type marking car. 
be purchased fron, laboratory supply companies. You 
cart permanently mark glass or porcelain surfates with 
an electrical ri^arking too'l or with marking ink 
followed by, firing in ^ flame. You can purchase the 
tool or ink, or you c^a^make marking ^utions of 
feme ch.lcride ^cr ^01^ ordinary blue-bjack ink forti- 
fied with a few grams cf d3ssolved i )ibn-potassium 
tartrate. The riarks are f^elted ont^the surface by 
firing in a flame or oven. 

The suction flask does net require clearing. Using 
'a ^oft brush, clean all other equipmrent with so^ap 
or detergent. If stronger cleaning measures are 
required, soak equipment iPf dilute acid or chromic 
acid cleaning mixture, ^/ ^ 

After cleaning, rifPse the equipment three times with 
tap water and three tinres wit'h di-stilled water. 

The following do not have to be completely dry 
before usin^. Goocn cpucibles, filter funnels, 
f 1 1 ter- holders , suction flasks. ^ 

The following should be completely dry before using: 
tjraduatecf cy]inders for measuring sample&Wilter 
supports such as watch glasses. • 

Desiccants are hygroscopic materials capable of 
absorbing moisture fcom air-. Silica gel (SVO2) ' 
■ca-lcium sul'f^ate (CaS04) are two conrfOnly used 
desiccants ava'ilable-from' laboratory^ supply companies 
These change color as they become satujFated. The 
moisture can be renoved from the desicc^nt by heating 
It in an oven. I r 




Hamilton and Simpson, Quan- 
titative Chemical Ana,lys'is. 
1958. Macm|n*n, NY, NY 
p. 40 



U.S. EPA, Handbook for 
Analytical .Quality Control^ 
io Water and Wastewater 
Laboratorfes. 1972. EPA-' 
AQCL, Cincinnati, OH 45268, 
p. 4-7 
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EFFLUENT jblllTORinc^ PROGfDURfc 



f^IELD & LABORATORY ANALYSIS 



Determination of Total Suspended (Non-FIUerable) Solids^ 
mg/liter 



Section VII 



TRAIIir'n GUIDE NOTE 



REFERENCES/RESOURCES 



B.2a, 



COLLECTION OF SAMPLES FOR. THIS TEST: 

Samples should be col lected* from a preagreed site 
by a preagreed technique known to all parties con-^ 
cerned. You should be familiar with the following- 
iaformatWm since you .record most of it on your 
laboratory data sheet. You may be responsible. for 
actually collecting the sample; corvsult your .super- 
visor . . 

LOCATION - ' 

Plant coritrol and self-mtmitoring requirements wiM . 
be the basis for selecting places to collect samples 
Final cpl lection ^points should be such that samples 
drawn there are as representative of the entire 
sample source' as possible. Consult your supervisor. 

IDENTIFICATION - ' ' ' ' > 

B^ch collection location shotJld be assigned a number 
or simple ideotif ication^ode. Use this to latel 
Ijamples from that location and to record on the lab 
dat? sheet, 

TYPE - 

Permit requirements determine whether a grab or a 
composite sampje will be collected; consult your 
supervisor. Mark type on sample container and on ^ 
laboratory data sheet, ^ 

TIME OF COLLECTION - 

Mark time and date on s^^mple container and on lab 
data sheet. ' 

CONTAINER • 

The analyst should^-know what volume container is 
required for each sample source. Cdntainer€ should 
be capped, of resistant (to adsorption of solids) 
glass or plastic. Clean used containers by rinsing 
with dilute hydrochloric acid solution, with tap 
water (3 rinses) and with distilled water (3 rinses) 
Shake out excess water. 

COLLECTION - 

Rinse container two or three time's, with sample, then 
collect the sample. Consult the analyst about the 
voTume required from each sample source. Exclude 
very large solids like leaves, stacks, fish, lumps 
of fecal matter, etc. Put cap on container. 



Standard Metlpds for the 
Examination of Water and 
Wastewater, l^th ed. , 
1976, /ff>HA, WasTHngton, 
DC, p. 38 




Ibid-, p. 40 



Methods for Chemical Anal- 
ysis^of Water and. Wastes, 
.1974. EPA-MDQARL, Cin- 
cinnati, OH 45268, p. xi 



Ibid., p. 268 
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EFFLUENT ll OJIIlORINfL,^! OC^QURE : Determination of TtJtal Suspendecf (Non-Filterable) Solid§, 
J : ^ mg/liteifv 



FIELD & LABORATORY ANALYSIS 



Section. VII 



9 



E.2b. 




G.3b. 




.TPAINKIG rrJKi: NOTE 



SIGNATURE - 

Sample Collector should sign name on container' or 
label so this information can be recorded on the 
lab data sheet. 

STORAGE - 

It is not practical 1;o preserve and stbre these 
samples. Analyze promptly to minimize chemical 
and/or physical changes. 

You want to filter a volume of *safnple sucl3/that pro- 
longed drying times are not required (up /to 0.200 g) 
but that wil 1 yield a significant weight/-of residue 
Tat least 0.0025 a) on the filter disc/^ 

Exp^eri.ence with samples from the same locations will 
hel^ you choose sucti volume*^. 

One* useful guide (except for samples containing a 
very .high concentration of suspended matter, or 
which filter very slowly) is to select a sample 
volume "of 14 ml or more per square cm of filter 
area. (Recall that for a circle, area = 3.14 times 
radius - squared. ) 

'You can also us^2 turbidity to estimate sample size. 
If the sample has a turbidity of 50 Bntts or less, 
filter a liter of sample. For turbidity greater 
than SO^units, filter sufficient sample to yi^ld 
up to 50 mg and not more than 100 mg of residue. 
(If ycJu are using a Sooch crucibTe," 50 mg is the 
practical limit due to drying- requi rements . )^ 

The time required for complete drying depends on 
the amount and nature of the sol Ids on tKe filter 
disc. The drying time given in this procedure is 
the MINIMUM time to be used. 

1. If the solids have a glassy, wet appearance 
after the MINIMUM frying time, increJ^se this 
drying time. 

Tf you routi^iely run this test on samples from 
, the same/source and check them for complete 
•drying jsee I. in the *p»^ocedure) , you could 
chooser'a "smaller sample volume for future 
determinations so that a longer drying time will 
not be necessary. 



REFERENCES/RESOURCES 



Standard Methods for the 
Examination of Water and 
Wastewater. 13th ed. , 
1971. APHA, New York, NY 
p. 537 



Ibid , p. 291 



er|c 
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EFFLUENT MONJTORING PROCEDURE: Peterml nation of total Suspended (Non-Fi 1 tei^a'ble) 

»o]ids, mg/liter 

w 


FIELD & LABORATORY ANALYSIS ■ ■ v 


Section VII 




TRAINING GUIDE NOTE 


R£FERENCES/RES9Uf\CES 


I. ' . 

« 


The nied to verify the complete drying of the 
filter'plus residue is important enough to warrant 
the extra time required to make ihis check. Jhe' 
weight of traces of water allowed to remain in the 
residue would contribute significant error to the 
final results in this test. ?ne check for complete 
drying pre'sented in this section depends on bb- - 
taming a constant (saT^e) weight after repeating 
the heating, cooling and weighing cycle for the 
filter plus residue.. 


Methods for Chemical 
Analysis 'of Water and 
Wastes. 1974. ' EPA- 
MDQARL, Cincinnati, OH 
45268, p. 269 • 


K.2c. 


If the weight of the residue is less than 0.O025g, 
there is not enough weight to be significant for 
this direct weighing method. 


> 

Standard Methods for the 
Examination -of Water and 
• Wastewater. 13th ed. , ' - 
1971. 'APHA, New York, NY, 
p. 291 ^ 

• 




• 




4 t 

/ 

- 


« 

r 
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^ 
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FFL UEn't mo nitoring PRO CEDURE : Oeterminatijan of Total Suspended (Non-Filterable). 
'■ — : Solids, mg/liter - 



RECORDS & REPORTS 



Section IX 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



B.2b. 



Bi2c. 
L.la. 





All laboratory records must be kept for tbrei 
years, preferably in a permanently bound notebook. 
The time period is inquired by regulatory agencies. 



Attached as the next page is -a typical laboratory 
data sheet fc5r recording weights and for the 
later calcula'tio/i of final results for suspended 
solids determinations. 



Depend^g on your orgapizational set-up, it may 
be your job responsi^bil i^ to enter this data on 
the plant operation record, state report form, 
etc. Check with your supervisor. 
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• Typical Laboratory Data Sheet 
for . ' ' 
TOTaI suspended (NON-FIiTERABLE)*SOLIDS, mgriiter 



Nam^ of Plant' 

f 



STEP 


SUSPEyOElfToLIDS % 


SAMPLE 
: ^ 


SAMPLE ^ 


• SAMPLE 






Identification 


. — 




INS #1 " 
A 


1 




Type^(grab', -Itc.) ^ , ' 


r 




GRAB' • ' • 


2 


•. B.2 


Date & Time' Collected , 






5/1/74 0900 


3 ■ 


8.2 


Sample lot lector 


1 




Tom Samoler 


4 


C.4 


Filter. Identification 




• 


WG2 . 


5 . 


E.l % 


Date & Time Analysis. -feegan - ^ 







5/VZ4 1100 

'■ • #— ; — f 


6 


• E.8. 


ml Sample EiUered 




h- 


67: 0 . 


7 


H.6 "i 


1st weight of filter* 
plus Residue (g) 


r 


J ■ ^^^fc 


-0.1426 y * 






2nd weight ofJ|lter* ' 
.^us Residueire^ 


• 




0.1416 


9 

• 


1.14 


Difference (Tst-2nd) ' 






0,0010 

^ , — 


I .'1 5 . 


3rd weight of Filter*' 
plus Kesidue igj 




i . ^ 

, 


1 -* * If*" • . ' 
0.1413 ' •" , 




— ♦ 

1.15* 


Difference (2nd- 3rd) 






0.0003 . 


12 


1.15 


Final wei^t «f Filter* . 

plus Residue [g)* ^' 


k 




0:1413 


13 


C.7 


Weight of Filter* (g)" ' 4^ 






0.1293 


14 


K.3. 

♦ 


Line ^14 from Line 13 




* * 


U.UlcU 


1 1) 


1 

K.5 


' ' — * := 

Divide to 7 decimal places: 
(line 15) difference (g) ^ 
(line 7). ml sample fi-itered 






0.001^91 


16 


. K.7 


Multiply Line 16 by 1000 000 . 
tmove decimal poipt 6 places Rt.) 


, ■ ■ » ■ ■« 




179.'l 


17' 


K.9 


.Round answer on^Line 17 . 
to nearest whole number ^ * ^ 






179 1119/ 1 ^ 


18 


—T^ 


Analyst' ' ' ^ 






MaryAnalyst 


19 , 



" ri Iter me<ins ijie i 1 1 ucr -oiav, m a iumh^i 

crucibles are used "filter" me^ns the crucible containing a. f-ilter disc. 
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*. . A PROTOTYPE FOR DEVELOPMENT OF 
ROUTIN€ OPERATIONAL PROCEDURES 

for 

SETTLEABLE SOLIDS." ml/I it^r 
(IMHOFF. SETTLING COUE) 



\ 



as applied in - 

' ■ WASTEWATERJREATMENT FACILlTrES 
^ and-in the ' 

^ MONITORING OF Ef^fLUENT WASTEWiJ^RS 




is 

i 



i 



f 



' >\ ^ " .Developed by.Jhe' ' » 

^i§ti,ona-l Training an^^^tionaT Technology CerTter 
Municipal Operations and Tfaining Bi vision 
^ Office of Water Program 'Operations, ' ^ 
U/S. Environruental Protection A^enfy 



O CH.S0L.set.EMP^.'1.5.77 " . ' • .^lo 

ERIC \ ' - , , 




EJ^UENT monitoring PROCEDURE: Settleable Solids, ml/liter (Imhoff Settling Cone) 
This operattonal procedure was d^eloped by? ' ' . 

NAME Audi'ey D. Krener ' ' - , ' . 

■••ADDRESS EPA, OWPO, 'fffoTC, Cincinnati, Ohio 45268" 
POSITION Chemist- Instructor 
EDUCATION AND TECHNICAL BACKGROUND 

B.A. - Edgecliff College"" - • 

1 year Industrial Research Chemist 
8 years Secondary School Chemistry Instructor * . 
4 years DHEW-DI Wdter ^jual fty Program Chemjst ^ 
* 7 1/2 years DItEPA Chemi st-Instructor 
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EFFLUENT MONITORING PROCEDURE: Settleable Solids, ml/]i^er (jmhoff Settl ing Cone) 

1. Analysis Objective: ♦ 

To ^determine settleable matter on a v^me (ml/1) basis. 

2. Brief Descri ption -of Procedure: z 

A one 'liter sample is poured into an ImlToff Cone and the voTume (ml/1) 
of settleable solids is recprded-after a one hour settling period. 

3. Applicability of this Procedure: 

, a. Range of Concentration: ' 

The one Source of Procedure* cited in the Federal Register Guidelines does 
not state a range of concentration. 'This EMP includes a jDroqedure for 
cases when the settleable solids exceed the graduations dn an Imhoff ,C04^. 

b. Pretreatment of Samples: ^ 

The Federal Register Guidelines do not specify any pretreatment, nor does 
the Source *of Procedu-re*. 

c. Treatment of Interferences in Samples: ' ^ > , 

The Source of Procedure does not note any interferences to his deter- 
mination. ' " . • ^ ^ 



\ 




Source of Procedure: Standji^ Methods for the Examination pf Water and Waste- 
water, 14th ed., APHA, Washington, D.C, p,495. - ^ * ^ ^ 

5IV 
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EFFLUENT MONITORING PROCEDURE: Settleable Solids, ml/liter (Imhoff Settling Cone) ' , 

■\ - . ■ ■ • 

o 

Flow Shoet for Determination: 
1. Mix 'sample 
2.. Fill cone 
3; fettle 45 minutes 

4. Stir gentTy or swirl ' ^ . 

* , 5. Settle 15 minutes - 

6i Read results « . ' 
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EFFLUENT MONITOtnNG PROCEDURE:*' Settleable Solids,' mg/1 i ter/ ( Imh6f«ettl ing Cone) 

* • 

Equipment and Supply Requirements: - 

A. Capital' Equipment: None ' . 4- . , . ' , 

> * * > , 

B. Reusable "Supplies: . ^ ^ 

1, In^hoff Settl ing Cone, glass or plastic,, with or without stopcocl^ graduated 
to 40 ml and with a graduation at 1 liter volume 

2* Imhoff Cone support, 3 place * 

3. Imhoff Cone brush (or centrifuge tube brush) 

4. Stirring rod, the same length as" cone 

5. Timer, interval, 60 minute minimum with alarm ^ 

■w 

C. Consumable: None 
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EFFLUEKT MONITORING PROCEDURE : Settleable SoUds. ml/lit«r (Imhoff Sett! inq Cone) 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALSASPECIFICATIONS 



TRAINING 
GUipE NOTES 



SETTLEABLE SOLIDS 

A. Preparation for the 
Determination 



^. Gather equipment for determi- 
"-nation. 



I 

(p. n) . 



2.. Clean the cone "and rod. 



3. Bring sample to work area. 



4. Record saipple identification. 



\ 

5. Record eone identification 
'information. 



la. Imhoff cone 

Tb. Imhoff cone support 

k. Long stirring rod 

Id. Timer 

2a. If required ■ 

2b. Water draitis without leaving many droplets, 



3a. Sample should be at hand before continuing with 
testv ^ 

4ir In laboratory notebook 
4b. In column- to be used for sample 
4c. Identification, type, date and time'collected, 
sample collector. 

5a. Jf more than one cone is to be in i)se 
5b. Cones can be numbered with a lab markkig pen or 
pencil : 

5c. Record Identification in laboratory notebook 
5d. In column -for corresponding sample 
5e. Labeled ''Cone Identification" 



V.A.2b. 

(p. 12) 

VII. A. 3a. 
(p. 13) 

'*H.A.4a. 

(p. 15) 
IX.A.4C. 

(p. 15) 



IX.A.5. 
(p. 16) 



B. Determination 



1. Record date and' time. 



In laboratory notebook 
lb. In column to bfe n^ed for sample' 
Ic. Labeled "Date & Time Analysis Began" 



IX.B.l. 
(p. 16) 



ERLC 
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EFFLUENT MONITORING. PROCEDURE : Settleable Solids. ml/Htetu (Imhoff Settling Con^) 



OP^tATING PROCEDURES 



B. Determination' 
(Continued)' 



STEP SEQUENCE 



2. Thoroughly mix the sampl^ 

3. Fill the Imhoff Cone to the 
• 1 liter mark with sample. % 

,4. Set timer at 45 min. 

5. Allow the sample to settle 45 
minutes^ 



6. C^t'ly stir the sample along 
the inner wall of the cone, 

7. -Set timer at 15 minutes. 

8. Allow the sample to settle for 
15 more minutes. 



INFORMATION/OPERATING GOALS/SPECIFICAJIONS 



a. Use ^ stirrina rod or swirl gently. 



2b. Do not shake the sample, 



5a. in quiescent location . '^^ 

5b. not in sunlight 

6a. to di-slodge solids clinging to inner wall. 

6b. Use a long stirring rod or else spin the cone. 



Tt^AINIfiG 
GUIDE NOTES 



VII. B. 2b. 
(p. 14) 



VII.«.5a. 

(p.'M) ■ 
VII. B. 5b. 
(a.. 14) 



e. Results 



/ 
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Read the final' volume of, 
settled sol ids, 



Record the final volume of 
settled Sol.ids in the cone 



la. 
lb. 
Ic. 



2a. 
2b. 
2c. 

2d. 



in ml 4 

with eye at Hel of surface of settled matter. 
In rare cases, the final* volume of settled matter 
may be above the 40 ml mark 



in laboratory notebook j 

in column ys^d for that sample, 

labeled "Final Volume of Settleable Solids, 

ml /I Iter'; 

to nearest whole ml per liter. 



VII.C.lc. 
(p. 14) 

IX.C.2a. 
(p. 15)-"* 
IX. C. 2. 

(p. 16) 
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i EFFLUENT MOhHiiillNG PRbcEDURE : Settleable Solids, ml/liter (Imhoff Sett! inq Cone) 



OPERATING PROCEDURES 



STEP SEQUENCE 



JNFORMATWN/OPERATING GOALS/SP_ECIFItATIONS 



TRAINING 
GUIDE NOTES 



C. Results(Continirecl) 



3. Sign the laboratory data sheet. 

4., Report Settleable Solids, 
ml / 1 i ter • 



3a. Labeled "Analyst" 

4a. on any required record sheets. 



D. Cleaning Equipment 



r o ' 
OC 1 
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1. Discard cone contentSc 

2. f(inse the cone and stirring 
rod 

3. Complete cleaning the cone 
and rod as soon as possible, 



2a. with tap water 



3a. to prevent algal grbwth 



IX. C. 3. 

;p. 16) 

IX.C.4a. 

;p. 15)' 



V.D.2a. 
(p. 12) 

V.D.3a. 

;p. 12) 
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TRAINING GUIDE 

SECTION TOPIC 

★I Introduction 

n Educational Concepts-Mathematics 

.in • Educational Conceptir Science ^ 

IV EdufiationaV Concepts-Cortmunications 

1^*V Field & Laboratory Equipment 

VI Field & Laboratory Reagents 

" *vil ' -Field & Laboratory Analyses 

VIII ^ Safety 

*IX , Records & Reports 



s 



V 

' *Only these sections are used in tPiis procedure. 



Page No. 17-10 , . . ■ 

. • ■ ■ ' ■• ' .52b; 



FFLUENT MONITORING PROCEDURE: Settlealple Solids, ml/liter (Imhoff Settling Cone) 



INTRODUCTION 



Section I 





^ TRAINING GUIDE NOTE 


• 

REFERENCES/RESOURCES 


• 


— ^ 3 " 

SBttleable solids wo'i>,ld be that ma.tter in wastewater 
which will not stayjji suspension during a pre- 
selected settling period (such as one hour) but 
either settles to thej^ttom or floats to the top. 
In the Imhoff Cone test, the settling penoa is one 
hour and the quantity of solids is expressed by 
volume^^l/1 ) of settled matter. 

The £est described in this instruction is Method 
208F, page 95 in Standard Methods. 

T 

\ 


Glossary Water and Waste- 
water Control Engin^ring. 
" 1969. WPCF, Washington, 
DC 20016. 

• ■* 




Standard Methods for the 
Examination of Water and 
Wastewater. 14th ed. , 
1975. APHA, Washington, 
DC 20036. 


• 


This test is uS'ed ds a Control Check on the proper 
functioning of treatment processes. Usually, samples 
are drawn from the' raw wastd Influent and from 
effluents of the primary and^^econdary processes. 
By comparing the quantity of sel;tleable solids among 
these samples, the effectiveness of removing solids 
(and turbidity) cap be determined. Although the 
test is not quantitative, it is very useful as a 
process control test to indicate the volume of sludge 
which must be withdrawn from a particular prgcess. 


Richmond, M.S. , et.al . 
Simplified ^Laboratory 
, Procedures for Wastewater 
Examination. Pub. No. 18, 
1968. WPCF, Washington, 
DC 20016. 




This test is listed in-the Federal. Register "Guide- . 
lines Establ ishing -Teft Procedures for- the Analysis ' 
of follutant^." The o>ily reference cited for the 
□rnrpfiurp i<; Standard Methods. 14th ed.» paoe 95. 










* 




•o . 




f 


* 

• 








% 
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^FiUENT MONITORING, PROCEDURE : . Settleable Sol ids , -mV^ fter (Imhoff S^tl ing Oone) 





CTION V 



TRAINlfJG GUIDE mil 



EFERENCES/RESOURCES . 



••D.2a. 



D<3a 



L/Sln^ an Imhpff tone brpshj clean •coQes with spap or 
detergent water, '^inse with tap water,. sh*ke and - 
^invert to <lrain dry. A few <lrop1ets of wa^t^r may 
remain on the waUs of the'cone, especially if 
-plastic corses are used, Jh.ij is permissible. If 
stronger ^aning me^su^es are required^ rinse cone 
with dilute aci^d or'chromic acld.cleaning^mixture, 
rinrse'with tap water^hd dratn. (CI»romic acid 
cleaning mixture contains- f&lfuric acici and "shq 
't>e used carefully: Sulfuric, acid causes^ sever 
burns,) . 

It is tlways^gocd practice to rt^e equipment. ^l\h - 
tap water; 4s soon as possible after use to facilitate 
cleaptng. • ' 

Use cleaning procedure described above in Ac2b. 



Handbook for Analytical 
Qual^ity ControT in Water 
and^ Wastewater Laboratories. 
^972. U.S. EPA, NERC, ' 
Cincfhnati , OH 45268 



id 



\ 



Ibid. 



• V 



l3f 



4 




I 
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EFFLUENT iJwj TOR ING RROCEDUftEr ^ettleable Solids, ml/liter (Imhoff SetUing Con^ 



. SECT^WM VII 
^ 



TRAINING GUI&E NOTE 



A. 8a. 





4? 




COLLECTION ^OF SAMPIES FOR-TRIS TEST: 



shou,ld be familiar withJthe following i\nforrridtion 
record most of it on your laboratory data 



Yp'u 

since you 

sheet. You inay be responsible for*^ctually collect- 
ing the sample; cons^ul t ^ur suftiy^visor. 



Location * ' . 

Plant control and s^lf^^oni torinq requirements will 
be'the basis for sel ectin^^ places tp col li^t^ samples. 
Final; QOl lectTon points 'should be ^uch that^'dnlples . 
dray/n"there are as representative of'the enrire' 
sample sounte'aj possible. Consult your supervisor. 

Identification" , ^ - 

Each^^cQl 1 ection should be assigned a number or simple 
^identification code. Use thi6 to l^bel samples frof^ 
^that location and to record on the la^ d^a sKefet. 

Type - 

Collect a grab sa-mpl e jmne^iately before the 'test >s 
to be started Mark type (-grab) on -sample container 
and tin lab dat^s^^t 

Time* of CofTeftion - ^ . 

Ma>k date and time on- sample container aTid on, lab 
data sheet. / 

^ .... 

Container - ^ * ' - , ' * > 

lOOO"^ ml volume^capped', resistant lio Adsorption' 
of^oTids) aj^^^bi^ plastic. Clea,n used containers * 
by'winsing vMpi drlute hydrochloric acid solution, 
w]>n tap -wate^ (.three rinses) and with distilled^ . 
mter (three riises). Shake out'excess water. _ 

.€oU|c>^on - ^ - * # 

R-jl^fconta^r two .or'thfee times^with sarpple, then 
cpfTffl a'bout^ >00rt ml/of sample. Exilude very , 
large solids'lvke le^^ve^, sticks, fish, lumps of 
A^al matter, etc. *Put- cap oq container*.. 

Sign^tore' - . , ^ . . 

Sampl^ Collector shoulcl*sign fiame on container or 
label' so this information "^^an b^cecordedJ|>n the lab 
data sh^ ' . • ^ ^ 



ERJC 



^^orage-' . * . , ' 

Lt IS rK)t practical tq preserve and^store these^^ 
r€rti^les. Analyze promptly to mininp-fg" chemVcal and/<r 
>r pf*iysical' chanqes / ^ 



REFERENCES/RESOURCES 



Stapdarc^Methods for the 
Examination of Water and ■ 
Wastewater. 14th edw 1975. 
APHA, WasFfifipon>4).C. '. 
20036, D. m ■ 



Ibid. 



Ibid/p,. 51 



Page No. 17-13 



' E'FFCD ENT m'oN I To'rING PR O CEDURE ; Settleable Solids, ml/liter .(Imhoff Settling Cone) 



SECTION VII 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



• 6. 2b 



B.SB. 



C.lc*, 



/ : 



Entrained a f?^ interferes with settling. 



Vibrations ^terfere with settling. 

Sunlight can catjse^ heat currents in the sample which 
■iiiterfere'with settling. 



^It is posst-ble to have a finaJ yoTufnejof settled 
^rra't^ter greater than the 40 ml (largesirvolume 
nar^;1ng on the cone. If this happen^^ 

1. Use a grease or' wax pencil and put a mark on the 
outsicte of tbe cbne at thejevel of the surface 
- of .the settT'ed matter,.. ' ^ 

♦^OiscarJ the, sample from thh c«<ie,^ ^ . / . 

3. Using a 100 ml graduated cylinder and ta]» water, 
^ fill the. cone up- to the mark'you made on the ^ 
cone. Keep a count of the volunses of water you 
. -add. ^ , ' • - ^ 

f ^ ' ^ 

'4^^ The total ml of water added to reach tha mark 
. ^ you nfade on tjie cone are the ml of settled • • 
matter y.ou sh'pu^d report as the t^st result. 
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EFFLUENT MONITORING PROCEDU^i Settleable SoUds, m1/Tft«r. (Imho/f -Settl ing Cone) 



A. 4a. 



A. 4c. 



C.4a. 
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SECTION IX 



TRAIMN6 Glif^illOTE 



All Jaboratory records should be kept in a'^pej;- 
manently bound book. TKis is especially important 
as documentation fpr any future questions afcout 
data required by regulatory ' agencies. ' 



Attaclied as the next*page i s^T'^typica] laboratory 
data sheet for recording information about .this 
analysis. 

Depending on your organizational set-up, < ii-may be 
your responsibility to enter the result on the 
plant operation record, state report form,^fiPDES • 
report form, etc., -Check with your supervisor. 

\ 



^REFERENCES/RESOURCES 



Handbook for Analytical 
Quality Control in . 
Water and* Wasteyiatef 
Laboratories. 1972. U.S. 
EPA, NERCi Cincinnati ,• • 
OH 45268 
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Typical Laboratory Data Sh|^t 

■ . for . • ' 

SETTLEABLE SOLID'S, ml /I iter- 
>y '(Imhoff Settling Cone) ' 

Name of PI ant 




STEP • 


4 

SETTLEABLE S€L<DS 


SAMPLE 


SAKPti 


' SAMPLE • 


A. 4, 


Identification, » 






IN «1 


.a:4. 


Type (Grab, etc.) 

^ ' — - 1 






GRAB • . • 


■ A. 4. 

« 


Date & Time Collected 


~ -r ^ 


* 


•9/23/74 "9:55 


A. 4. » 


Sampl|^ Collector ^ 






John Sampler 




. rt)ne Identification 








D. 1 . 


n a « 2. T 1 mo Anal \/r i c Konan 

Ud Lc ,a 1 iFTic Mrta lys 1 5 Dcydn ^ 






9/23/74 10:00 


' C.2. 


Finfal Volume of Settleable 
^o1 ids , ml /I iter 




^^-^ ^ ' ' ,.' 


% 26 ml/liter 


C.3. 


Analyst 


4 




♦* . , ' 
Tom Analyst 


» 




. 4 , 




* 













Kj KJ 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OP&RATIONAL PROCEDURES * 

, for the * 

REPORTING OF SELF - MONITORING DATA 



' as applied in 

WASTEWAtER TR€ATMENT miLITIES 
and in t^he 
MONITORING OF EFFLUENT WASTEWATERS 



Developed by the 



National Training and Operational Technology Cente 
Municipal Operations and Training "^Division 
Office of Water Program Operations 
U.S\ Environmental Protection Aqencv 




WP.CH.EMP,2.3. 77 



EFFLUENT MONITORWG fRjfcEDURE: REPORTING OF SELF-MONITORING DATA 



This Procedure was developed by: 

NAM£ " Charles E. Sponagle i ~ 
^ ADDRESS EPA, OWPO, ilTOTC, Cincinnati, Ohio 45268 



POSITION Sanitary Engineer-Instructor 
EDUCATION AMD. TECHNICAL BACKGROUND 



8.C.E. - ManhattcHi College, 1943 • ' ^ 

* ' ... 

M.s/in^C:E. -^University of Minnesota, 1948, 

Professional Registration; Sta^te of New Vork 

With Fed&ra'l I'ater PoUution Control Program -si nee 1948, with 
various as^ignfr.Gnts at-Progran Headq'iarters , Regional Offices, 
and Field Stations, including positions as 

SUff Engino^^^, then Chi€f,^, Water Ci>^l ity Section 
Denver Regional Office - ' ' ^ 

Sta.ff [i]'-,ir,ct-f\ ttien '?.egij:)nal Construction Grants Progra.n 
. Director, 0c';ver»4<:egioii?J Office 

♦ Ronionai Construction Grants Progr^ini Director, 

'Cincinnati P^uiCJna? Cffice ' ^ 

Director, CoJorado ^v'iver^^in Water Quality Control Project 
Denver Colort/do 

Industrie-^ I !;:stes Consultant, Technical 'Advisory ond^ 
Irivestiq- tv.vS Branch, Ciacmnati, Ohio ^. 

Partici^utic^-' in cjnd^Dir(?ctibn of nuine^OLfS in-plrnt inclustri 

Waste Sjrvc}-. and stror.i sti:dies in^ flevrvork , Colorado, 

rio.s'l'rxico, m^, Utah 

liiih N'-.ir-Mi Training Cent'-Y, SepI t.'il->er 19G9 to date. 
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EFFLUENT MONITORING PR(5CEDUP(E : , Reporting of Self-Mom ton ng Data" 

•1. Obj'ective. To enable the student to, complete the NPDES Discharge ^ 
Monitoring Report, EPA Form T-40(4-74)., or EPA Form 3329-1(10-/2). 

2 Description of Procedure' . 

Self-monitoring data obtained- by .a permit holder under the terms of his 
permit must be reported to the regulatory agency periodically, usiisg the 
proper NPDES reporting form. The manner in wh^cTi such data should be ' 
reported on EPA Form T-40 is illustrated in this procedure. Additional 
nnforma^^n required' to complete the form is also indicated. 

Assumed conditions used to illustrate completion of the form are: 

1 Reporting o^ jdata on a monthly basis is required.' 

2 Sel f-monitor ing data developed over a period of one 
^nth IS as shown in Table I, Page 5 

- 3 , Effluent limitations specifTed in the permit are as 
< shown on Table- II, Page 6 

4. Monitoring 'reqyirements specified in the permit are 
as stiown in Table II, Page 6 

5. a/1' required data has been obtained in accoroynce 
witn permit requirements. ^ V\ 




• 
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EFFLUENT MONITORING PROCEDURE: Reporting of Self-Monitohng Data 

TABLE I - . 
SELF - MONITORING DATA 
September 1974 

SEWAGE FLOW RAW ^NFLUENT FINAL EFFLUENT 

Date Treated BOD5 - T.S.S. BOD^ T^S.S. Fecal pH 

Col i form 







ma / 1 


rna/ 1 

my/ 1 


mn/ 1 
, Miy/ 1 


mn / 1 


N/ 1 on ml 

11/ 1 UU III 1 






720,100 






ft 






7.4 


2 














7.5 


3 
4 


326,900 

367, fro 


170 


171 


16 

* 


12 


350 


7.6 
7.4 


6 


323>00 
^ 458,500 


160 


168 


15 


16 - 


540 


7.5 
7.7 


, 7 


671*000 • 












5.? 


8 


608.600. 












7.6 


*9 


146,000 


200 


200 


20 


25 


• 180- 


7.9 


10 


263,000 












7.2 


11 


406,800 










% 


7.1 


12^ 


519,200 


190 


198 


20 ■ 


25 




7.6 


13 


328,600 












7.5 


14 


413,100 










• 


7.6 


15 
16 


, 699,000 
S 

708,900 


150 


180- ■ 


35 . 


60 


220 


8,0 
o8.D 


17 ' 


806,700. 












9:2 


18 


714,800 








\ 


» 


8.0 


19 


' 169,100 




L 






9.1 


r 

2P 
21 


272,900 
713,200 


170'- 


170 


- 19 




240 


•7.5 
. 7.8 


■ 22 


671,900 








• 




7.0 


23 


761,800 


150 


186 


20 


23 


.110 


7.4 


24 


642,900 












7,5 




^14 Qnn 












1 A 


26 


291,600 


190 


195 


20 


20 


.130 


7.5 


27 


^ 240,700 • 


* • 










7.4 


28 


, 473,900 












7.4 




525,600 


190 


195 


25 . 


25 


280 V 


7.6 


.30 • 


6.70,100 












7.8 


Total 


14,635,200 














\ Average 


437,800. 


,\ . 
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EFFLUENT MOfllTORING PROCEDUpE: Reporting of Sel f-^onitoring Data 



TABLE II 

^ EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS 



' EFFLUENT CHARACTERISTICS 
Biochem'cal ' Oxygen Demand (5-day) 

Sus|>ended Sol ids 

pH - 'standard units 

Fecal Coliform - organisms/100 ml 

Flow - mgd 



, DISCHARGE LlfllTA^TIONS , 
Concentration kq/day 
in mg/1 (lbs/day) 



Monthly Weekly » Monthly VleeHy 
Average Av-erage Average Average 

*30 ' 45 70 
(150) 

*30 45 80 . 

(180) 

*6. 0-9.0 (not to be averaged) 



200 



^00 



MINIMUM 
MONITORING REOUIREMEHTS 
Measurement , Sample 
Frequency > Type 

"twice weeMy 24 hr. composite 

twice weeMy 24 hr. composite 

twice weekly grab 

^ tw^ce weekly grab _' 

daily recording 



The arithmetic mean^of the values ^trr^e^iUieat sampl es, measuring biochemi^cal oxygen demand 
iS-day) >and suspended sol ids .collected in aperiod of 30 consecutive days shall not exceec) 
15 perc'ent: pf the arithmetic mean of the values for influent samples collected at aoproxinjately 
the same times during the same per^iod (85 percent renoval --minimuip] , 



Whichever Is the more stringent. 
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EFFLUENT MONITORING PROCEDURE: REPORTING OF SELF-MONITORING DATA 



OPERATING PROCEDURES 



A. Description of 
EPA Forms 




B. 



Identification 
of Permit Holder 
and Discharge 
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STEP SEQUENCE 



EnterHlame and Address 
of Permit Holder 



2. Enter State in block 
labelled "ST" ^ 

3. Enter Permit number -in 
' block for same. 

4. Enter discharge number 
in "Dis" block, 

5, . Ente'r Di^^charge code ' 



6. Enter Latitude and . 
Longitude of discharge, 

7- Enter reporting period in 
afppropra/te blocks. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. In space provided at left of Instructions 
lb. May already be entered by permit-Issuing 
authority. 

2a. Use standard two-letter postal* code 
2b, See notes la and lb. above. 

3a. See notes la and lb above. 



4a, 
4b. 

5a. 

^. 

6a, 
6b, 

7a, 

7b, 
7c, 



As identified in • permit '(001 . 002, etc) 
See notes la and lb above. 

For municipal wastewater discharges, the 
^ number is 4952. , ^ 

See notes la and lb above. 



This portion of U)^ report form, 
the data of Table I, is shown in 



Jf known. r 
See notes la and lb above. 

In this procedure the 30-day 'period for -the 
month of September Ms used. 
Will b'e specified in permit. 
\See notes la and lb above, 
✓ 

completed in accordance with assumed .permit conditions, 
Fig, • . . . 



TPAIKIIsG 
GUIDE NOTES 



and 



X 
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'Paqe No; 18--7 



rrriurNT monitoring PROcrpuRE :' 



OPERATING PROCEDURES 



■REPORTING IQF SELF-MONITOR I N& DATA 



Vage 'No. 18-8 



STEP SEQUENCE 



IMFORMATIOrt/OPERAT'ING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



■RATIONAL POLLUTANT OlSCMAROE EL tMI'NATIOf/SYST EM 

DISCHARGE iylOMITOIIING REfORT 



Fohn Approyd 
.OUBNO. M§-R0073 



City of NonamJ^ Dept.^!^ 
184 Any Street 
.Noname; /Vnysta^e, 12345 



Environmental Services 

' ■ ■ ^ 



PERMI T NUMBER 



14952 



22 IV 2« 2% 





-- \ 






J 


47°20'4" 


.9a°26'n" 


LATITUDE 


LOH^irqii 






2»i ^^S Jlr ^ 





' J, * INSTRUCaiONS* 

Provtd* for p»nod cover«7b7 this r«po^ in ipacft nkriced '^REPORTING PBWOD 

Enter reported minimum, sveraie nd maumun vtiuva und«r "QUANTITY*' and "CONC^|«ITR- 
in ttii tmti ^>«c4n»d for each pimctvr at ipproprtata Do not voter vciwct in boiai coi 
•■tvnsk*. "AVERAGE" it kve^e cimpoted over actual tune di»chi|r«a it opaMtinc "MA' 




REPORTING PERIOD FROM | 7 1 4 | 0 p9 j Oj 1 



714 


019 


310 




MO 


OAY^ 



md "lillflMUM" ara axtr«mai^aitt*a abwrve^ dunni the raporUni penod 
i Sg^i^cifr the Bwber of analyred stmplet th#l exceed th* masimum / •nd/or rntntmxmr aa appropriafe^ 
panalt condiuona in the coiumna labeled "No Ez " If l^^* enter "O" 

4 Specify frequenqy.©/ walyaia for each parameter at No ^eJytet/No dey^ (• g ^1/9" tutjin^v 
Imnt to 3 anafyaea par/onwed mrmry 7 <t»y» ) H conUnuout en|»r "gOlfr " f 

5 Specify iMple type r '^rafe" or " hr c«npoai<e"J at applicabte If frequency waa conUnuout. 

enter "NA" , , ^ 

Appropnata aignature tt required on bottom of thit fom 

7 Remove carbon and retain copy fw your record* " " 

8 Fold alone dotted Itnet. ttaple and mail Onfinal to office apeciUVd m permit 



C. Flow Data 
. 1. 



■QuIntUy" 
section. 
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>1 



2. 



Enter minimuni and "makfmum 
flows dtiring^the V^eporting 
period in the correspond- 
ing spaces on the 
"reported!" line. 

Enter Average flow during 

arepopting pemod in- 

'''^ tto^rrespondi ng space on 

'"^reported" line. 

. * - , „ r 

Enter- on ;.'Permit Condi'tion' 
1 ine the average and ' * 
maximum dai ly flows 
speciffle3 in^the permjt." 



rin.^ 1 



la. 



2 a... 

?b- 

3a.' 
3i). 



Minimuni flow ,of OAb MGD on Sept. 9/ (TabVe I) 
Maximum flow of. 0.81 MGD on S^t. 17.(Jable I) 



Add the flows reported oKjring tlje" reporting 
period. Divid^his total by' the r^umber of 
flov/s r^orted^ r^r ;>oa ^ 

Froi^ Tatle Average^ 3^^^"^ = 0,49 MGD 

If^ur^peci{fied in Permit, place a dash, in the 
^appropriate space or spaces.' 
May dlready'have, been entered by^ permi t-issliing 



authopity . . 



I)^C.l .1 
(P^. 35) ■ 



IX.C J .3.3a 



35)- 



..542 





J- 



• . i?'v:z:7 vOuiTn^'i-] ? reporting of self-monjtoring data 



::.r:^;-.ATio^]/opERATiNG goals/specificajions 



TRAINING 
GUIDE NOTES 



1 C, Flow Data (cont, ) 



4. On the ""Reported" line, 
i^n the ."No. Ex" space, 
enter th6 number 6f times 
during the repprfflng 
period that the maximum 
daily flow specified in 
the permit was e;«reeded ' 



J; "Concentr*ation'" i 1. Placp'^dashep in the 



section J I 



•3, 



"Frequency of • ^ 
Analysis" * 
Column j 



V- . . - 

"Sample Type" 
Column 



"Units, space ^nd io the 
•"No. Ex" spaqes on the 
"Reported" Irne. ' 

1. On the "Reported" line 
enter the frequency with 
which flpws were measS^pd 
during the reporting 
period. 

\ On the^"Permit Condition" 

* Ifne er^er t^he frequency 

of f low,measyrement as 
■ spec'if ied'fn t^he permjjfe'. ' . 

1.*^ Enter Dashes on both lines^ 



4a. If none, enter "0",^ ' 

4b. If a maximum daily flow is not specified iif 
the permit, place a dash in this space. 



la. May already be entered by the Permit-issuing 
authority, . 

• / 

la. Da'ily, Weekly, Continuous (Cont.)> etc. 



2^. May already be entered by Permit-issuing 
^authority. ^ 




This portibn'^X^i^e' reTDort fonm^completed in accordance with assumed permit conditions, and 'the data of 
'Table I, is sTiowirin fig. 2: ' 



' . 54.) 
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Paae No. 18-^ 



J - " • •• \; " 

• EFFLUENT MONltORKxG PROCEDURE': REPORTUiG OF SELF-MONITORING DATA 



OPERA' riG rpo::cj;'Ls 



STEP SLQ:j[:tCE 



r;ronMATio.;/oPLPATiN(i GnALS/SPECinC/^iiG',: 



Paae No/ IR-in 



GUILE :,OTES, 



PA RAy E ''C P 



OJANr<Tr 
VERAOe MAXIlrtjM 



0.15 ' 0.49 0.31 



, C0SCEST<?^TON 
_ 1 »- 

AVERAGE _ MAXJ 



TREOUENCY I 

^^o^- s% , 



Sample 
TYPE 



riq. 2 



_Cont^ 
Cont. ' 



D. pH Data, * 

1. ■Quantity*' 
section 



54-, 




Ori*)the "Reported" line 
enter the minimugi and 
maximum pH values occurring 
duTTng the' reporting' 
period. 



On the "Permit Condition" 
line enter the mTfmtum and/ 
maximum pH values spec- 
ified irf the pennft. 

dn the "Reported line,' 
'in the ''No fx^" sqat:e^'>i 
ent^r th£ total 'j^umber of 
tim^s that'0ie pH exceedecj 
ttte maximum allowed by the' 
Derm^t, and was less -than 
tP^e mimi^um allowed by the 
permit. 



la. Although tKe-.permit requires that pH be ^ 

tdetermined twice. we^kVy, 'a pH^was run each day 
. during the month. The report form must be 
' • prepared on the basis of all 30, results, 
lb.. Minimum pH 5.4 oa Sept. 7 (Tabl^,I) 
Ic. Maxifnum pH 9.2 on Sept. .17. (Table I) 

2a. Permit reqi>ires\pH to be between €.0 and 9.0, 

at al-1 times (Table 11 )• ' 
2b. May already be entered^ on the form by th-e 
* permi^t-issuiijg authority. 

3a. ' The jnaxifBum permit requ^irfement of 9.'0 was 
exceeded twice'.- once on Sept. 17, and again 

^3b. Jha pH was less* than^the-inininium^ jlermit 
requirement of 6.0 on Sept. 7. .('Table*!) 




/ 
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REPORTING OT SELF-MONITORING 'DATA 



"iO'i/nPERATING G']ALS/§?ECIFtCATION'S 



D. pH Data (co^rffT) i 



'3. "Frequency of 
Anal y si 5" 
coluinn. 




. 4. "Samp^'Type' 
column. 



2'. "Concentration", ' 1 
. section 



ERIC 
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i '1 



P^ace dashes in tVe 
/'Units" spaee and in the 
"No. Ex"*; space on the 
"Reporled^^ 1 ine. 

Enter frequency of 
analysis during the • 
ceportfng ' periocf on the 
"Rgported" 1 ine. , ^ 



3c, 



. 3d. 
la. 

la. 
lb. 




pn the "Reported" Tine 
indicate the* type of 
sample, on which the 

"^^nalysis* was perfdrmed. 

On tfie "Permit Condition," 
' l.ine^nter the type of 
sartiple specified by the 
pehnit 



2b. 
la- 

2a. 

2b. 



Permit requirements were violated a ^total of" 
3 times during the reporting period. A "3" 
Shduld be ej>t^redfcon theJann^ _ _. . 

*If the pH ha'd not exceeded the perm-!t limits, 
a "0" would be entered. 

Mey a'l^ready be entered by Permit-issuing 
aut'hority. 



The actual frequency of analysis is" reported. 

pH was run each day. The frequency of analysis 
is reported as 7/7, which ind^icates that 7 
analyses were performed every seAn days. 

The permit requires that pH beVun ^twice weekly. 
(Tableau) fL2/7 is entered on this line, ^ 
••wtTtfth indi^ifcR that 2 analyses were to be 
perfont^etJevery 7 days. - ^ 

May already be entered by the Permit-issuing 
•authority. % 

A grab sample is assumed here. "Grab" is 
entered. 



A grab sam^^ 1s specified. (Table II) Enter 
'"Grab". 

May already 5!e entered' by the Permit-issuing 
atithori ty.^ * 



TRAINING 
GUIDE NOTES 



\ 
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. '^Page No. ^j^-ll* 



DC • 



REPOy'irK; of SELF-MONITOf^iriG DATA 



Page No. lS-12 



rr^^':;j!^';/o?ERAT::;r. gcals/s^ecifications 



TPAi:;iNG 

GUIDl hOTES 



D. pH Data cdnt. • • S 

. . V - 

This portion of the report form, completed *in accordance with assumed permit conditions, and the data of 
•Table I, is shown in Fig. 3 below; ' 



OH 



5 A 

6.0 



g A N TV 

« 1 _ _ 

****** - - STANDARD 



i 4 ^mid 

€.3 »« 4^ 



> ****** 



9.2 
9.0 



****** ****** -ti***** 



- u;liT 



SAMPLE 



****** ****** ****** 



B 1 1 ii 



E. BOD^ Data, Fin^l 
Effluent. 

1 . Computati on of 
Quantities 



"Quantity" 
section ^ 



ERLC 
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For each reported 
analytical result, 
calculate the quantity of 
BOO^ discharged in Kg/day. 

On the "Reported" 1 ine 
enter the minimum, average, 
and maximum quantities 
discharged over the 
reoortinn period, in th^ 
appropriate spaces. 



la. Minimum - ll.OfKg/dav 
Tb. Average - 37.5 Kg/day 
lc\ Maximum -^94 i^g/day - 



lI.E.l 
(p. 30) 
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REPORIIiiG OF SELF-MONITORING DATA 



:;aTIO-i/^^FER'""^:ilS GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



BODc Data, Final, i 
5 I 

effluent. (cont.) ! 



3. "Concentration" 
section. 



55i 



ERIC 



2. On the "Permit Condition" 
"line enter the average and 
maximum quantities 
permitted to be discharged, 



In the ":io. Ex" column, 
on the "Reported" line., 
enter the number of times 
that tfie maximum daily 
discharge of BOD5 (Kg/day) 
allowed by the permit has 
been exceeded during the 
reporting period. 7 

On the "Reported" lirvfe 
enter the minimum, aver- 
age, and maximum BOD5 
concentrations observed 
during the reporting ^ 
period. y 

On the ''Permit Condition" 
line enter the average and 
maximum concentrations 
specified in the permit. 



2a. Average BOD5 discharge over a 30-consecuti ve-day 
period is specified as 70. Kg/day.. (Table II) 

2b. A Maximum daily discharge limitation is not 
* indicated in the permit. (Table II) A dash 
is therefore placed in the "maximum" space* 

2c. May already be entered by the Permit-issuing 
authority. 

3a. If none, enter a "0". ' 

3b. Since no maximum daily discharge limitation 1s 
specified in the permit (Table II), a dash is 
placed in this space." 



la. 


Minimum - 


15 


mg/1 


lb. 


Average - 


21 


mq/1 


Ic. 


Maximum - 


35 


mg/1 



2a. Average BOD5 concentration over a 30- 
eonsecuti ve-day period is specified as 
(TeJble II) • ' ' 

2b. A maximum concentration is not indicat€d|in the 
permit conditions (Table II). Therefore place 
- a dash in this space. . ' * , 

2c. flay, already be entered by ^he Permi t*i ssu/ig 
authority. 



■lI.E.l 
(p- 30) 




55/ 



Page No. 18*13 .. 



REPOSING OF SEiF-MONITORIflG^-DATA 



• Page No. 18-14» 



i.;r"v;ATic'i/rPEPATi:;G coals/specifications 



TRAINING 
CUIUE [;OTES 



BOD5 Data, Fi-naV/ 
Effluenjt. (cont.) 



"Frequency of 
Analysis" 
column 



"Samp^ Type" 
column 



3- In the "'lo. Ex".column^^ 
the "Reported" line, ^nter 
the number of* tipes that 
the maximujn concentration*' 
allowed by the permit has 
-'been 'exceeded during 'the 
reporting period^ 

1 . ^ On th*e "Reported" liae 

enter frequency of 
f analysis during^ the 
* reporting perio'd. 

2^ On the "Permit Condition" 
1 ine enter required - 
frequency of analysis as 
specified in^iermit/ 



T. On the "Reported" 1 1 ne - 
enter the type of sample 
on wh"fch the analysis was 
perforjned. 

2. On the '"Permit Condi tforf" 
1 fne- enter the type of 
sample specif led .in the 
permit.' ^ 



3a. If nine, eater a "0". 



3b. 



Since no maximum concentration is speeifipd tn 
the permit' (Table' II) enter a dash fn this 
space. # ^ ' * 



la. 



2i. 



2b. 



la,. 



Entei* Z/7 , indicating that the analysis was- 
performed twice weekly jjable I). 



Permit requires analysis twice weekly •■ 
(Table II).' Enter 277. 

May already be entered 6y. the Permit-issuing 
.authority. 

» 

Enter "24-Hr. Comp." since it i'S as^mjied i^ 
this procedure that the "data 'ha's been\btained 
in accordance with permit requirements. 



2a.. Enter "24-Hr. comp^" (Table II). 

2b. May already be entered by the Permit-issuing 
authority. ^ ^ ^ 



Jhis portion* of the Report Form, completed in accordance 
Table I, is shown-jn Fjg. 4: 
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with a^ spumed p^rnii t. condi tions , and the data of 
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•: -ITT' ^.C.TV^E: REPOf^TIfiG .of SELF-MO?II^ORi:iG DATA 

^ > — -: 



r 



■ 4 ' - " 

. r rcr''ATiO';/"'PZ''.A;ii';r, ".GriALS/sPzciFiCATiONS 



TRAINING . 
GUIDE NtfES ^ 



PARAMETER 



1-- - 
' BOO 



lt4»t 



MINIMUM . AVERAfl 



MAXiMUk' UNITS I |y 



'11.0 



37.5. i 94 



t^tfl^fT ****** 



J 5 



*****-& 



Fig. 4 



■5f 



AVCRfkC^e MAXIMUM 



21 



F"C(fUCHCY 



ex ANALYSIS 



SAMPLE 
TYPE 



~iMG/L, 



30 



I 2/7 i2 4>Kr.CC'mp 



F. ' Percent Removal 
1. Computation 



ERIC 



1. C^culate-the D|r^ent • 
Bqjjl^ removal each 
pair-' of 1 nf ]ih?nt ^'nd * j 
effluent -analyses "made " 
during the reporting, 
period. , ^ . 



V 

■ r . 



■■ ■ / 



ir.F.i 

(p- 31) 



4 . 

Page. No. 18-15. 



< 



.REPORTING OF SELf-MOMITORING DATA 



'TT.? GOALS/:P:c:Fir4Tio:.s 



I , 2 



Percent Removal- I 
BOD. (cont.) • ' * 

• ! 

'^'Quantity" ^ | Al 
section 



2. 



On the "Reported" 1 me 
enter the minimutTi, 
average, anftj maximum # 
percent reifiovals .in the 
appropriate spaces. 

On the "Permit Conditifin' 
line enter the minimum 
and' average Removals 
required by the permit* 



lar Minimum Tl'[ 
lb.- Average - 87^. 
1c. Maximum QT. 



3. "Concenfration" 
sect! on 



1. 



In the ' No. Ex" column , 
on the 'Reported" 1 ine , 
enter the number of times 
that the "f^iinimum percent 
remeval - requ ired in the 
•permit was not obtained, ^ 

Enter dashes in ti^e ^" 
"Units" sp'ace and in the 
"No. Ex" space on the 
"Repor^ted" line. 



2a. There is no minimum removal requirement in the 
assumejt permit conditions (Table II). Enter 
^ a dash in t'his space. 

2b. Average removal required over a 30-consecuti ve- 
' 'day period is 85r. (Table 11).' * 

2c. May already "be entered ^y the Permit-issuing 
' .authority.. 

3a. There is no minimum removal requirement in the 
assumed permft condition^ (Ta'ble II). Ente^r 
a dash in thi s space.^ 



la. May alr^dy be- entered by the Permit-issuing 
author i^. 



[RAINING 

G'jIl^ ::gtes 



mi,*s portion of the Report Form, completed i,n accordance with assumed permit conditions, and the data of 
T^le^I, 1$ shown in.Figi, ' ' *^ 
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REPORTiriG^QF SELF-MOiHTORK^G DATA 



r 

\ 



' PERCENT IKMOVAL 
' . BOD 

J 5 



'7 



77 



87.9 



85 



91 




TPAKJING 
GUIDE NOTES 



' 4 c«»tf o2'r^ 



CONCENTRATION 
»>1 »*-<■' 



HO . , 



__l 



• -Fig, b. 



It*****. 
****** 



SAMPLE 

TYP€ , 

*^**** 



G. Suspended Solids-,; 
Final Affluent r 

1. Computation 
of Quantities 



2. "Quantity" 
section . 

0 



5r).' 



ERIC 



1 . Foe e3ch reported ^ 
■ analytical result,* 
" calculate the quantity of 
suspended solids 
disc-harjged in'Kg/day. 

1 . On the "Reported" Vine 
enter the minimum,^ 
aver3ge, arid maximum 
. quanti t'ies^tii scharged" 
over the.rq^rtitig 
period, in 

corresponding spaces. 



la 
l.b 
^Ic 



/Minimum*- 13.3' kg/day 
A.verage ^ 47.1 <g/day 
Maximum • 161 



II.G.l 

(p. 32) 



5bij 

Page No.* 18-17' 



REPOPIING OF SEiF-MONITORIMG DAT^ 



me N6. 



-S. Suspended So1 

Final Efflueht : 
(cont ) ' ■ 



section 



ERJC 




I 



jf^ the ^er^^i t "Cond \ti OP 
1 1 ne enter tne average 
anj naxi^u"" Quantities, 
permitted to be 
di^^liaroed --^ 



lh tne* .^0 



ix' col u.nin, 
.1*1 ne. 



on the ^epo.rted' 
enter the number "of 
^Tr.es that the rrtaxirium ' - 
V^ai ly d'l scrarge 

susoended solids (kg/day) 
nds been exceeded during 
t'^e-' report 1 ng period. ' 

On the ' Reported 1 i ne 
^nte»" the n-inimum, * 
avera^e^ and Tiayi'^un 
'Suspended solids concen- 
tration observed during 
, . Lxie reporting. per.iiKi, in 
the corresponding spaces 

On t^e P^r.Tit Condition'' 
line enter the average 
and r^^axinum concen- 
trations specif >ad in the 



pern t . 
spdces . 



in t^~e aDpropriat^ 



2a 



2b. 



2c. 



Average- suspended solids discharge over a' 
' ;^0-consecuti v^-day pe»wiod is specified, as . 
30 kg/day (Table 11) , ^ ' ^ 

A .T'.aximum daily discharge liRii^ation is r>ot 
specified in the permit (T^ble II). A dash' 
is therefore placed in the V.aximuni" space. 

^^ay 'a] r-eady be entered by the Permi t-i s^u»ing 
' authon ty : - ' ^ ' 



3a . - If none , enter a -' O ' 

3b. N Since no maximum 'da i*ly^ di scrrarge limitation 
IS indicated in the permit {TabJe^II), a, dash 
IS placed in this spafe - ^ 



l-a. 



Ml nimum - 1 2 jmg/ 1 
lb- Average - 25.0 mg/1 
Ic y-a/Mnun-' - 60 mg/1 



2a. A/eraoe suspended splids conc^ntVat ibn over a 
30-conjecuti ve-day p'eri\d >s spetifi-fed as 

30 mg/1 (Table' II). • . 




GUIDE ;;OT£S' 
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'reporting of SELF-nOfllJORIiiG DATA 



•LS/S 



"ECIFICa);C\'S 



ERJC 



Suspended Solids, 
Final Effluent. 

(contj * ' . 



4. "FrequepjCy of 
Analysi s ' 
column 



5. "SafT>ple Type"* | 
column. ! 



3. In the ' \\o\ Fx" column, 
on the "Reported" 1 ine, 
.enter the nurrber of times 
during the reporting 
period that the maximum 
concentration allowed by 
the permit has been ^ 
exceeded. 

1 . On the ' Reported" 1 irre 
enter^ frequency of 
analysis <lurinq the^< 
reporting period. 

2, On tKe'"Permit Condition" 
1 inef enter required 

. frequency of analysis, as 
specified in oermit. 



On the ""Reported" 1 i ne . 

enter the type o.f s^nple . 
• on which the analysis was 
. oer^orned. 

On tne ' Periir. r Condi tion" 
'line eTiter tne type of 
s*a;,p>e specified in the 
per^n t . - ^ 



2b. Since no maxirnum concentration is specified in 
, the permit '(JabTe II), enter a dash in this 
spacQ. 

2c. May aVeady be entered by the Permit-issuing 
authority. 

3a> If none, enter a "0". 

3b. Since no maximum concentration is specified 
^ I'n the permit (Table 11)^ enter a dash in 
this space. 



la. Enter '2/7 indicating that the analysis was 
performed twice weekly (Table I). 



2a'. "^Permit requires analysi s twice weekly 
' (T^Le 1LU._.. Enter 2/7. 

2b. May already be entered by Permi t-i ssui no 
authority 

la. tnter "24-Hr. comp." since it is assumed in 
^.this, procedure that the data has been 'obtained 
in accorda-nce witb-permit reqii^i rements . 



0 

2d' Ent^r "24-Hr. comp." {Table II). 

2b.' May already be enured by the Permit- issuing 
uthonty ^ 



TRAINING 
GUIDE' NOTES 



gaqe No. 18-19 



1 


9 

\ 






r.F':"' ;Tio ./-~l?-t:',?;g'^als/splcifications 


TRAINING 
GUIDE NOTES 


G. Suspended Solids, j 
Final Effluent, j 
. (cont.) i 








41 







This portion of ' the Report Form, co'fnpJeted in accordance with assumed permit conditions, and the data. of ' 
Table I, is shown in Fig. 6 below ' , ^ 



Pa RAMI" ' fU 



"•fa. 8 



47.1 161 



KG/DAY 



12 



Fig. 6 



25.0 

30 



60 



SAMPLE 

TYPe 



MG/L 



: ANALYSIS ^0 

! — ' ' ' : ' I ^ 

- Ill ,24-Hr.CQmp 

277 ;-24-Kr.Ccimp , 



Percent Removal 

•Suspended 

Solids 

'1. CoFTiDutation 



2. 

s 



ERIC 



Quantity 
section 

5e_ 




Calculate the percent 
"renoval of suspended 
sol^ids 'for each pair of 
mfjuent and effllient 
analyses maqle during the^ 
reporti nq period. " • 

On the "Reported". 1 me 
-enter the ninimum, 
average, and maximum 
percent removals in the 
*^o^respondlnq SDaces. 



la . Minimum 6^.6' 
lb. Average - 8g!c 
Id. ^^a^imym -"93.0 




II.H.l 



56b 




REPORTi;jG OF 5€LF-M^rii:0RING DATA 



• 

i;;F:-r-'AT!0':/OFiRAT)[:;G goals/specifications 



TRAir.Mr;G 
'GUIDE nciifcs. 



H. Percent Removal 
* Suspended 
Solids. (cont. ) 



"Concentration" 
section. 



1. 



On tile "Permit Condition" 
line enter the mimmun 
and average removals 
required by the permit. 



In the "No-Jx" columa, 
on the "R^l^rted" line, 
enter the. number of times 
that the minimum percent 
removal r^$j{red in the 
permit was not obtained. 

Enter dashes Mn the 
"Units" space and 1o the 
"No. Ex" sp*a(!£ on the 
"Reported" 1 ine. 



2a. There is no min\mum removal requirement in the 
assumed permit conditions (Table Enter ' 
a dash in this spac^. 

2b. Average removal requi red "over a Sd-cpnsjecgti ve- 
day period i$ (Table 11).^* [ 

2c. May already be'-entered by the ^permit-\ssuing 
authori ty. ^ ^ * \ 



3a.. There is^no minimum r^movaf requi rement in 
the assumfd permit conditions (Table I^). 
- Enter a dash in this spaces 

3b. If none, enter a "0". 



1^. .May already be entered by the Permit-issuing 
authority. ' . 



This portion of the form, compl^Te^ in accordance with assumed permit conditions, and. the data of^ 
Table I, is shown in Fig. 7 below: 
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' ) e»td only , 



OUANT' T Y 



\{t cttd onlyi 



COMCEMTf^ATiOS 



66.6 



A VCQA Gt 

86.5 
85 - 



nTk XIMUM ' 

93.0 



Minimum 
****** 



*V£BAGC . 

****** 



MAXIMUM 
****** 



Jt-*^-^ 'or 
no 

Ex ANALVili 
****** 

***^** 



F^g. 7 



^AMPL C 

T VPt 



*^**** 

N * 



• ' 5.6b 

Paae No. lft-21 



V 



1% Fecal Cdliform i' 

I 



^ T. Computation 



I. '"Quantity" 
section ■ 



3. "Concentration" 
section. 



56J' 



ERJC 




1. Calculcfte t'he geometric 
mean fof the fecal v_ 
coliforn data, obtained * 
during the reporting 
period. 

1 . Place dashes in the" 

"Units'" space and in the 
"No. "Ex" S4Dace on the 
"Reported" line. 

1. Enter the minimum and 

• maximum reported results 
in the corresponding 
' spaces on the "Reported" 
line. 

2. Enter the geometric mean 
ir\ the "average" space 
on the "Reported" 1 ine. 

3. . On the "Permit Condition' 

line enter the.geometrK 
mean and maximum count 
specified in the per/nit. 



r rOR ' .TIOn/nPERATING COALS/S^CIFICATIONS 



la. See also the' efficient monttori ng procedure 
Cajculation of the Geometric >iea'n of Coliform 
Counts by the Use of Logajith"msr 



t\ ^ 

la. Ma^CEtr. 



eacly,be entered by Permit-issuing 
authority. 



la. Minimum - 110 organisms/100 ml 
lb. Maximum - 540 oVgani sms/1 00 ml 

2a. ' Geometrfc Mean - 220 organisms/100 ml 



3a. The geometric jnean of samples^analyzed over a 
30-consecutive-d'ay* period is riot to exceed 
200 organisms/1 OO' ml . (Table'll) Enter "200" 
in "average" space. 

3b. There is no maximum va,lue specified in. the 
permit (Table II). Enter a dash in .the 
/'maximum" space. » 



/ 




TRAINING 
GUIDE i;OTES 



II. 1. 1 
(p. 34) 
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REPORTING Of SE 



:tf. 



MONITORIHG DATA 



'lO'/O^ER/VTIN? CrALS/SPECIFICATlCrJS 



Fecal Coliform. 
(cont.y 



"Frequency of 
Analysi*5" 
column ' , 



5. "Samble Type'^ 
column. 
\ 



4. ^ In the "No. Ex" column, 
'on the "Reported" line,* 
• enter the number of time5 
, , during the reporting 

period 4that the maximum 
• count flowed in the 

permit has been exceeded.. 

1 . Enter frequency of 
analysi^'during the 
reporting period on the 
"^4f>0rt^4^ ' 

Enter required frequency 
of. analysis, as specified 
in jpermit, on the 
"Permit Condition" line. 



4a. 
4b. 



1. Entec type of sample'Jton 
^hich the analysis was 
performed. 



la. 



' 2a. 



la. 



If none, enter a "0". 

Since^no maximun count is specified 4n the 
permit^ (Table II) enter a dash in this space. 



Enter 2/7, indicating that the analysis was 
performed twice weekly "(Table J)^. 



Permit tequires analysis twice weekly 
(Table II). . Enter 2/7. 



Enter "Grab",' since it is assumed In this 
♦procedure that the sample has beert Obtained 
in accordance with permit requirements. 

This poJttion of the form, completed in accprdance vtith assumed pertnit conditions^, and the jiata of 
Table I,\1s shown in Fig. 8 below; ' 



TRAINING 
GUID^ NOTES 
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i 1 * \ 


1 |Oc*.<onir; OUANTlTy 


r* --1 




(4 c«<tf ottir) 


CONCENTRATION 




•i *ii 


<•« 

rntoucNCv 


i«* TO) 
»AM^Lt 


\ , \ 

1 FECAL coil FORM 




MAXMIUIH 


UNITS 


NO 


' MINIMUM 




MAXIMUM 


UNITS 


NO 

ex 


or 

ANALVtll 


TV^E 






— — ^ 




110 , 


220 ' 


. 540 


> 

N/IDOHL 






Grab 


\ ►rWiiT ! , 






■ 




'20O 




I 






i > 




■ 




...... 




' ■ ■ 


2/J 


GRAB 



■ Fig. S 
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Signature 



.s/:PL'CTFic,;riG'o 



--4. 



r-' O 

0 / ^> 



The completed form must 
be signed by the ranking 
elected official of the 
municipality, or other 
duly authorized 
municipal employee. 

Complete the four spaces 
provided 'felt th5 bottom 
of the for^i.' 

Fofward completed form 
to perniit-issuing 
authority In accordance 
wi^th reoorting 
instruction^ specified 
in permit. » - 



2a. Na'me, title and signature of ranking elected 
official of duly authorized employee,' and date 
of completion. 

3a. The entire »form, completed in accordance witjf 
'the permit conditions assumed for the purpose 
of this procedure, is shown in Ffg, 9, 



Cui;:eN;ot£:$ 



( '1 
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NATIONAL POLLUTANT OtSCHAAGC ILIMINATlON SYSTEM 

DISCHARCE MONITORING REPORT 




City of Noname, Dept. of Environmental Services 
184 Any Street - ^ 
Noname, Anystate,. 12345 4 



INSTRUCTORS 



/ 



mi 



47=^0'^" 


98°26'n" 


LAtlTUOi 


LONOITUOe " 



REPORTING PERIOD FROM 



} tV !tt in »*-t» 



If t7l iM WilJO »u 



ill 


019 


Oil 


YtAR 


.« 


OAY 



714 


019 


310 


YEAR 


WO 


OAY 



Ptoriil* d«C«i for p«rtod cov»r«4 by Ihit raport in *p*c«t m*$k»4 "RKPORTDfG PERIOD" 
Eiitvr r«port*d aiaiaua, avtrmc* vid BntlBw v*li»«« ua4*r '^QUAimiTT" and "CONCENTRATION" 
10 lh« uiutt ipvcifiad for ••cli p w — t»T ag «pprof>ri«t« Do '^t Mit«r value* tn box** coottlniiic 
•■(•^•ka. "Average" it Avaraf* computed over actual tiaa 4i»cliart« !■ op«ratiac. "MAXOIUM" 
add "MIHDIUM" trt axtraa* valit«i ob««nrad duiioc tba raportiiif parted 

^Specify tti* Bunbar of analyivd aaaiplas th«( tzc—^ tba MBivgai rand/ or atiniam a« appropr^afa) 
pami( cosdltio«« In tha celuMna labalad "No Ex." U none, antar "O" 

fl^adfy fraqaancy of analyita for aach paraaiat ar aa No aaalr**«/No days. (• g., "3/7" ia •quivm- 
Imt to 3 Mflf* p»rU>rm»d •wry 7 daya > If contliwioua antar "OONT " 

Spacihr aaaipla typt ("grmV or " hr oempe^if") ai i^licabla. If (raquaacy wai coatiauoua, 

-<i(ar ^'NA" ^ 



Approprtata atpiatura ia required oo bottom of thtai ro|B 
Remove cerbon and retain copy for your recorda 
Fold alOBf dotted liaes. atapla ead meil Onfuiei to office ape 



fied in permit 




*«€ OF PRtHCiPAL. EXECUTIVE OFFlCEW 

J 



Doe _Jo!in 

L*$T FiRiT 



Tt-TLE or THE OFFICER 


DATE 


Mayor 


7|4|0|'9 


31 0 


TITLE 


YEAR 


MO OAY 



/ cerfi/y Otrnt t am tmnitiar with ffia in/*an«Hon contained in thi* 
rt^ti and tfiar to tfia 6aa( o/ my kttowimdgm and ba//«/ audi jnCor- 
motion /« (fi#a, cpaipfaia, and accurafa^ , • ^ 



J. 



SIONATUME or PRtHCl^AL EXECUTIVE 
OrriCtR OR AUTHORIZED AOENT • 



Ccmp 



Ccmp 
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EFFLUENT MONITORING PROCEDURE;' REPORTIMG OF SfLF-MONITORING iTATA ^ 



TRAINING GUIDE^ 



SECTION * ^ TOPJC 

*I r * * Introduction {± 

*II ^ Educational Coficepts - Mathematics 

III tducatiojnal Concepits - Science 

IV ' Educational Concepts - Communication^ 

V Field, & -Laboratory Equipment 
VI ' Field Laboratory Reagents 

VII • Field & Laboratory Analysis 

VIII ■ Safety 

*IX f Records ^ Reports 



• • ' I 

*TrainiRg guide materials are presented here under the headi^ngs ,ma)1ked*. * 
These standardized headings are used throughout this series of procedures. 
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efKueht noniTO^yin p?ncEDUR[< REPORTific of self--monitorimg data 



INTR9DUCTI0ii 



•Section I 



TRAniiriG'p'jrDE f;OTE 



i[iolders of discharge permits issued by the U. S. 
Environmental Protection Aqency are to report 
self-monitoring data -either oji EPA Form T-40 
(Frg. 10) /or on EPA Form 3320-i (Fig. I'l ) . 
Form T-40 will' be use^^ temporarily, and will l?e 
furnished by EPA to municipalities for reporting 
purposes. The T-40 form shown in Fig. 10 consists 
of the 3320-1 form, which has been preprinted 
for the reporting of data basic parameters 
common to all municipal wastewater discharges . • 
. As information for each municipal ity 'is incor- 
porate? into EPA's computer system, form 3320-1 • 
will replace Form T-40. For data reporting, a 
municipality will then receive from EPA Form 
3320-1 on which the e'ff 1 uent .parameters specific 
to that municipality will be computer preprinted. 
Until that time, however, d«ta for any additional 
parameters -be reported which ^(re.not now in- 
cluded in the prepri-nt on T-40 will be entered ♦ 
by the municipality, using as many additional 
blank copies of the forrr as are required. • 

Completion of form T-40, is illustrated in this 
procedure for the basic parameters, assuming that 
permit conditions "are as indicated in "[able II. 
Reporting of additional' parameters would be done 
in a manner similar to that illu^'trated^ 



O ( J 
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Form Approved 



PEKMIT NUMSER 



uc 



t I » lu izz zm \ i»-i*> 





• / 


LATITUDE 


LONblTUOC 


< M 271 ' tM 


til iW'lu 



1, 


1 


1 


YEAR 




PAY 



♦ ^ INSTRUCTIONS ^ 

1 Piovid* d«t*s for pvfiod cov«r^ ^ (hi« r«port in apacaB awk^d "REPORTTNG PERIOD" 

2 EAt*r raportM ii^taw, «id mtMjmim ^M^x»m xmdmr 'XJUAimTY" and "CONCENTRATION" 
in A* tttlt* vJcia«d for •mtt punmttt •• i^propriata Do not «ot*r rtdnmm in boss* coot«iiilii8 
••tvfiafcs. "AVfERAQE" !• avtrK* co«piit*d ovtr •ctucl tte* 41«ck«r«« o^«rattOK, "MAXOIUM" 
Md "MINDfUII" ^ ntr««« valova ob«*rT«d dariac tlia f«portiac pMtfd. 

1 Specify maibw of aoalysad auaplaa that asc*ad tha aMxlstM (mttd/o^minimim mm approprta(a) 

pamit coodiUoM ia th« coloiyia Ub«I*d "No Ex." If none, antar yO"^ 
4 !^«ciry rraqttanCT <>' '<V ••<* par««etar mm No, uiairB«B/No'^ d»y«. f*-*. "3/7" im mquivf 

Imnt to 3 mmlymmm parfoiwiad arary 7 daym ) It continopa" •otar "OOKT " ^ 
S. apacify tMpIa tj^mC'inb" or " hr ctm^mltm") mm ipphcahla. If fr*|ua«^ waa coatlnuoQa. 

aptar "WA" 

6 Appvopfiata aivt'tura im raqvlrad oa bottom of Oda torn. 

7 RMKiva caftea aad rataia copy for yoar racorda ^ 
C Fold ftloag dottad liaas,' ata«^a and mail OnfinaJ to office apecined to pennit 




yCaR. mo OAY 



f cmrtity ftal f ' mm lamiUSt wUh tfia Inloaaadon coneatnarf imAla 
n«yr« Md *al la Aa b^r 9I air fciw«rta4«« ^nd bi^i«/ lnfo^■ 
aiatfofi la fm^ oM^plafa, and accurals * 

< ' ^ 1:^ ; 



(4.74) 




iiOKATURt or ^m^ici^AL exccuTive 
orrurcM or autnorizco aocnt 



ig. 



10 



• 



T 



NATJONAIa POLLUTANT DtScTTARGE ELIWtNATtO 

E>I$CHARGE MONITORING REPORT 



I 



FoHn Appro ¥»d 
0MB NO iSa-ROOTJ 




\ . 



PERMI T NUMBER 





« 


LA^TUDE 


LONCiTUOE 



20 -2 I 22 2 3i 2« 2»/ 




i2« 27) 


2« 2*1 


(JO 311 




REPORTING PERIOD ^OM ' 1 i i ' 1 

^ 'y^^ L„„j ^ 1 


TO 


•| 


1 


,1 




^YEARj MO J DAY 




YEAR 




faAY 





INSTRUCTIONS 

1 Provide dtt*» for period covered by Ihlt report in specie miAid "lUCPORTING PSFUOp" 

2 *Bater reported RtiRimun,' ■vtr«c« end mtxunun velu«e under "QUANTITY"'«nd "CONCENTRATION'* 

in Dif units speciHed for tech peremeter ss eopfoprietc Do not ^ter vslues in boxes -coateinrag 
' eslefisks. "AVEI^AGE*' is sversff^ coeipuled over ectuel tune discherte is'>»perstiji«. "MAXIMUM" 
end "MINIMUM" sre extreme veloes observed dorinc the reportlnf period / ' 

3. Specif f the ^uaber of eneljrted semple| tfaet exceed ^the msxinun Tend/ or m/n>muft «« apgnptftm) 

pevmit tconditioQC in the colm^llf lebeled "Np Ex." If none, enter ^'O" 
4 Specify frequency oif enslysis Ipr each psrsmeter ssNo snsIyses/No deys. (• g . "3A7" <« equiVe- 
/enr ro 3 ane/yvee per/omied every 7 dmy* ) If continuous enter "OONT '.' 

S. Speqi^ semple type C'fireb" or " Ht compo9it9") ss' sp^liceble If frequency wss continuous, 

,eoter"NA" , 



Appropnsts eipisture is required on bottom of this fo^ V ' 

Remove csrbon end retsin copy for your records 

Fold elong dotted Unes, stsple snd msU Ohginsl to offtc« specified in permit 




•*AMe PRINCIPAL. EXECUTIVC OFFICER 



Tl TUjTor THE OFFlCCm • 




> EPA Form 3320 I (10 7?i 



d/te 



YEAR MO DAY 



~~ f cmtUfy th*t t em fmnilitr with e^s /nfonnetion concerned in this 
npott end ^e> h> tfis b»»t 4tf mj/koQwImdgt snd behef Much in/or- 



mefion <e ffue. comp/efe. »nd eccurefs 



"^IGMATUfrtt OF PRINCIPAL EXECUTIVE 
OFFICER OR AUTHORtZED AOfNT 



PACE OP 



. Fig. 11 
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EFFI.UFNT MO:iITOPI?;G PROClDURE : REP0RTir«5 OF SELF-MON^RING DATA 




EDUCATIONAL CONCEPTS - MATHEMATICS 



Section II 



TRAIfiING GUIDE ::OTi 



reffre:ices/res.ource^ 



E.l. 



NOTE: In all of the calculations in this section', 
rules for computation as given by Cvumpler 
and Yoe were follgwed. Crumpler, T. B. and 
Yoe,,J.*H. Ctemical Coniputations and E/rors . 
Wile^ and Sons, N,Y. J94t) . 



/ 



Computation of Quantities of BOD discharged in Final 
Effluent,., ' • ^ 

Pertinent reported data from Table I is listed in 
the fiVst three columns of the Table below. In 
column 4 the flow has been converted frjom gpd" 
to MGD The quantity of^'BOD^ -is obtained^ by multi- , 
plying- the value in column 3 (mg/1) by the valj^ 
in colftiTin 4 (MOD), and. then fni>l ti plying the result 
the Victor 3.78. 

f * 

This IS expressed in mathematical form as 
Kg/day = MGD )^ mg/l x 3. 78 

Example: ^ i 

On September 3, r^^/day = 0^ 33 x 1 6 x 3.73 = 20 



Date 


Fl o>v 


'BODc 


- * Flow. 


BODr 




qpd 


mg/^ 


noD 


Kg/d5y 












3 


326,900 


16 


• 0.33 


20 


6 


453,500 ' 




* 0.46 


26 


' 9 


-146^,000 


^20 




1_1 .'o 




^ 519,200' 


20 


0 62 


' \39 




708,900 


, 35 


"o h 


. 54 


• 20 


272,900 


l'^ 


0'27 


19 


23 


761.,800 


20 


0 76 


57 


26 


291 ,600 


20 


0.29 • 


22 


29" 


525,600 


25 


0.53 , 


50 




Total 


- 190 




338 




Average 60D^ •= 


190 

" 9 


21 mq/1 






Averane BOD^ = 


333 
9 


*3^.5 Kq/day 
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Crumpler, T, B. and Yoe, 
J . H. Chemical Computations 
and Errors . W.iley and Sons. 
N.Y. 1940. ' 
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EDUCATIONAL CONCEPTS - MATHEMATICS 



F.l 




/ 



r 



ERIC 



Sectiofi II 



TRAIfliriG GUIDE NOTE 



Computation o^ercent 



BODg removal s. 



Pertinent reported data from Table I is listed in 
the first three columns of the/^Tablfe telow^ The 
percent BOD^ removal for each day appears in 
column 4. . . 

The percent removal is obtained by subtracting the 
concentration of BOO5 in the fTrfal eff^T-ferf^ frum 
that in the plant influent, dividing this" 
difference by the concentration of B0D5^in the 
influent, and multipVying the resuj t .by-rl 00, This 
can be expressed in mathematical form as follow^-^ 



PFFERENC^S/PESOL'PCES 



BOD^ Removal 



Exampl e : 



Influent BODg (mq/1) -t E^f T^t^BCfb^ (mq/1) 



Influent BOD^ (mg/ 



On September 3, Removal = x 100 = 9P:> 



Total 



Date 


BODc- 
Inf? 


■mq/1 
Eff. 


% Removal 


3 


170 


'16 


' • 91 _ 


6 


160 


15 


91 


9 


200 


20^ ■ 


90_ ' 


12 


•190 


20 


89 


16 


150 


35 


Jl 


20 


170 


19 


89 


■23 


150' ■ 


20" 


87 _ 


26 


190 


20 


^ 89 


29 


190 




\ 87 




1 ,570 






e 


174 


21 





• 1 74 ?1 • 

Average BOD5 Removal - ^jyj^ x 100 = 87.9% 



X 100 
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EDUCAT/ONAL CJ3NCEPTS - MATHEMATICS 



'Section II 



G.I 



Camputation of Quantities of 
Discharged in Final, Effl uent. 



_Su/p 



pended Sol fds 



Pertinent report^^ata .from Table I is listed in ^ 
the f;rst three jPRmns, of the Table below. In 
colLiHin 4 the fl^w has' been converted from qpd to 
MGD. 'The ajaj^ity of suspended solids is obtained 
by multiplyir^ the value in co'lumn 3 (fng/l)*by the 
value in coJ/Gmn 4 (MGD), and then ^^ul ti^plying the 
Vesul> by tAie- f^tor 3.73 Ttiis is expressed in 
^ratnenatiTdl fo rn as'" 



1^ 



lb 



reffrl-:ce^/peso':?ces 



LxariDle On*^epte^^.ber 3, Kg/d'^y = 0 33 ^. 1 2 x 3 78'= 15 



ate 


Flow 

god 


' S.S: 


Tlow 

MGD 


T.S.S. 

Kg/day 


1 


32e.9?C 


• 1 2 


0 33 


^ 15 


r 


h53,500 ' 


16 


0 46' 


^ 25 






25 


0.146 


13 3 


s2 


51 9,200 


25 


0.52 


49 




70S.9DC 


60 


^ 0 71 


161 




272,900 


19 • 


0-.27 


19 


?3 


761 ,'iOO 


23 


- 0 75 


66 




291 ,600 


20 


0 29 


22 




525,500 


25 


• 0 53 


50 


Total 




22"5 




424 


Aver^nqe 


' 5 s % 


r 

^ 25 


0 ,mq/l 


1 


A\^rage 

•J 


t'ss ^% 


^ - 47 


1 kq/day 
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Computation of percent suspended solids removal. 

Pertinent reported data from Table I ,is listed in 
the first three c(5lumns of the Table^.below. The ; 
percent suspended solids removal foe each day / 
appears in columiji 4.. ^ , ^ 

The percent removal i s, obtained^ by subtra^jting the 

-concentration of suspended solids "in the f^nal 

effluent from^that m the p^ant- irrFT u - e n t; -^tv-i-d-i-il^ 

ihis differience#by the concentration of -suspended 

solids in the plant influent, and multiplying the 

result, by 100. Jhis can be expressed in mathe- 

"fnatical form as follows: - ^ 

0 ' - 



.> T S. S Removal = 

•4 

Example' 



Influent T.S.S. 



influent'- 



effl uent -t.S .3 ■ (mg/l) ^ 
mg/I) ■ ' ■ - 



S. 



100 



On September 3, % T.S . S.' removal = 



171 



"iTf^ / TOO-. 



93.0'' 



J 


n^'.te • 


T 6.S 
Inf 


.-mg/l . 
Eff. . : 


Rem'oval 




J 


" 171 


12 ■ 


93 . ' 




' 6 


• , 168 


-1 6 ■ • 


. 90.5 






200 


is ' ^ 


87.5 


/ 


• ■ 12 


193 


25 ~ 


87.4 


4 ' 


\ '16 


■^180 - 


60' . 


66;6 ' 




20 _ 
. 23* 


170 
186 


19 


88.8 . 
27. 6 -i 




, . 26- 


1.95 


2/3; 


•&9.7 




29 ■ 


" J95 




"^7.2 ^' 




Total- ' 


1,663 


- 225 




\ 


Average' 135 25 

. .". « ' - n 1 .185-25 
-Average, > Removal = 


1 • 

/ '»• 

i 100 = 
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Compu-fation of fheJ^eofnetnc Mean 

- r 

Pertinent reported .data from Table I is listed in 
the first two colomns of the Table below'. The 
log-arithm of the reported Coliform value appeay;s in 
column 3. '^Note that two~pl aj&^-J<)5an thfTis are used ' 
in this cal cu'lation . That/is, tnh mantissa of the^ 
logarithm (the numb-trs to the right of the decimal- 
point) contatns only^two numbers. -Tv^-place • 
logarithms are adequate since tlje ,col i f orfrt value$__:_. 
are reported ^only tg two sign,if icant f igures. 

^J-ii^ logarithms in columri-B "hfe a'dd^d, the total is 
d'lvided by the number o^" --i"*^- — ^-^.^^ — i ^.u^ ^ 



/ / 



# 



by 

anti-logarithin^of th$ 
1 s tbe geometri c ^nean 
sign]f ica-p.t figures. 



va I ues . refjnrted , and the 
.quotieht is obtained-^'.'Tliis 
It' IS. repc^rted to- two 



f 



Da.te 



16 

23 
?5 
2} 



fecal Coliform 

V^I/lOO !lH 

350' . ^ 

380 

. >20 

" 240 

% 

•.no ' ■ - 

130/ . 



2,3 0 ■ 



Total 



•Log of Fecdl 
- Colifo.l'm 

2,54_ 
. 2,73 . • 
-2.26 
2 23 V 

■■2,34 • 

'. 2 33. 

• 2.04 
2 l"l 

• 2.45 . ■ 

21 .08 . ■ 



/ 

r 



21 



2. 34 



The anti foga^n thm of 2 34 
IS 220. This IS the 
geometric mean. -If the • 
anti logarithm did nat end. 
with a ?6C0', the numBer 
> would be rounded •to the ' 
•nearest 'tea for Yeport-ing 
Purposes 
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* RECORDS REPORTS , . * ^ ' 

/ - ' * 


* Section JX 


TRAINING-GUIDE fiOTE'- • - 


RrFFREfJCES/RCSOLrOCS " 




— J- '7 
1 

Reporting of . minimum and/^or , maximum values may pr 
my not be required 6y'tKe permit-issui*ng author- 
ity. If not required, a dash or an asterisk oiay 
' already "be entered in either-or both of these 
spaces. The same is true for all of, the other 

Pp rdfiicLcrb bnuwil, wiLn Lfic cA^^trfJUiuri \j > pri, lui ^ 

which minimum a/id maximum values must be repo?ted. 


> 

> 


CJ.3.3a 


Pre^inted forms rpa^ already have either a dash , 
. or an ast-erisk in this space. This also applies 
to ail Otrier cases in Lnib, proLeuu r t:- wncr tf j-f 
entry of a dash in a space is. specified. 
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